UNIVERSITY OF ILLINOIS BULLETIN 
IssuED WEEKLY 

Vol. XXVII December 3, 1929 A No. 14 — 

7 sare as second-class matter December 11, 1912, at the post office at Urbana, Illinois, under 


e Act of August 24, 1912. Acceptance for mailing at the special rate of postage provided 
for in section 1103, Act of October 3, 1917, authorized July 31, 1918.) _ 


x 


RESULTS OF TESTS ON SEWAGE 
TREATMENT 


sae Ness A : BY) 
HAROLD E. BABBITT 

aia AND 
as HARRY E. SCHLENZ 


BULLETIN No. 198 
ENGINEERING EXPERIMENT STATION 


PousLisHED BY THE UNIVERSITY OF ILLINOIS, URBANA 


\\ Price; Firry-Frive Cents 


of the Board of Trustees of the University of Illinois on De-° 
cember 8, 1903. It is the purpose of the Station to conduct 
investigations and make studies of importance to the engineering, 


To Engineering Experiment Station was established by act 


manufacturing, railway, mining, and other industrial interests of the. | 


State. 3 

The management of the Engineering Experiment Station is vested 
in an Executive Staff composed of the Director and his Assistant, the 
Heads of the several Departments in the College of Engineering, and— 
the Professor of Industrial Chemistry. This Staff is responsible for ~ 
the establishment of general policies governing the work of the Station, 
including the approval of material for publication. All members of 
the teaching staff of the College are encouraged to engage in scientific 
research, either directly or in codperation with the Research Corps 
composed of full-time research assistants, research graduate assistants, 
and special investigators, Sr ; 
To render the results of its scientific investigations available to 
the public, the Engineering Experiment Station publishes and dis- 
tributes a series of bulletins. Occasionally it. publishes circulars of 
timely interest, presenting information of importance, compiled from 
various sources which may not readily be accessible to the clientele 
of the Station. : 

The volume and number at the top of the front cover page are 
merely arbitrary numbers and refer to the.general publications of the 
University. Hither above the title or below the seal is given the num-_ 
ber of the Engineering Experiment Station bulletin or circular which 
should be used in referring to these publications. 

For copies of bulletins or circulars or for other information address 

THE ENGINEERING EXPERIMENT STATION, 
UNIveERSITY OF ILLINOIS, 
Urnpana, ILLINOIS 


UNIVERSITY OF ILLINOIS 
ENGINEERING EXPERIMENT STATION 


BuLuetTin No. 198 DercEeMBER, 1929 


RESULTS OF TESTS ON SEWAGE TREATMENT 


BY 
HAROLD E. BABBITT 


PROFESSOR OF SANITARY ENGINEERING 
AND 


HARRY E. SCHLENZ 


RESEARCH GRADUATE ASSISTANT IN CiviIL ENGINEERING 


ENGINEERING EXPERIMENT STATION 


PUBLISHED BY THE UNIVERSITY OF ILLINOIS, URBANA 


5000 729 6519 


CONTENTS 


PAGE 
I. INTRODUCTION : ETS ite ns OMe Sy hd 11 
1. Objects of Tests. 5 Shy: LO ee eee eee Nt ead © | 
2 meenomodrments  . iy + Goo. & ane. . 11 
B. Hintory or iiivesiieations . 1. «- 5. sl 12 
4. Source of Sewage ... ee Ok 13 
5. General Characteristics of See. Agee a2 T5* > te 13 
G Quantity of Sewage. «2-3. we 2 te 13 
7. Description of Apparatus . . . . . . . 16 
II. CoMpaRIsON OF RESULTS OF SLUDGE DIGESTION IN DEEP 
AND SHALLOW ImHoFF TANKS. . . ... . 19 
Be necro bests: “2% "Co es. Vo ee ee ee 
PeueCraMOtins = ake Ue, oe Ses ee ee eae ae 
Ac UESCRIPEION OF. MSTS ~~ 2 Os Oe Se ae 
Pie LOsia | eee ten Ns) Dees, et eee 20 
B. DRAINABILITY OF SLUDGES... o/ eres 
11. Description of Apparatus and Procedure aa 21 
12. Results of Drainability Tests. . . . .-. 
Peo ORCMMIONS (2 ee" aac he, a) ae eke Wig af ee ee 
©; HATS OF DRYING OF SOLUDGES.6 » +  « « s\o 5) “wa 
14. Outdoor Beds . . . Ae se es 25 
15. Conclusions on Outdoor Drying re te ee 28 
o Indoor Beds. . . eects 28 
. Conclusions on Drying on Tee pois , ea ee 
D. Bio-cHEMICAL OxyGEN DEMAND, HYDROGEN-ION 
CONCENTRATION, AND PER Cent Moisture Con- 
TENT OF SLUDGES. . al wate Sa) up Ge Ree eee 
18. Method of Taking ccmrles tie? Bag tht Bee ae an eee 
19. Results of Analyses ba) eek Soa FS a 
PU COTES Sap er de te ve, Pelle ce | Be? Se eee 
E. QUANTITIES OF SLUDGE PRopUCcED . ... . 32 
21. Method of Determining Sludge Level . . . 32 
22. Quantities of Sludge Produced . . ys tee 
23. Conclusions on Quantity of Sludge Prodacet . 84 


3 


CONTENTS (ContTINvUED) 


F. TEMPERATURE OF SLUDGE COMPARTMENT 


24. 
20. 
26. 


Method of Determination . 
Results 
Conclusions . 


G. GENERAL CONCLUSIONS 


27. 


Conclusions . 


Ill. Errect or ADDITION oF MOISTURE TO SLUDGE UPON RATE 
or DRYING 


28. 
29. 
30. 
jl. 


32. 
33. 
34, 


30. 


Object of Tests . 

Plan of Tests 

The Tests 

Results of Tests 

Physical Observations . 

Discussion of Results 

Analysis of Phenomenon of Deine Under Vere 
ing Moisture Conditions 

Conclusions . 


IV. Tue Errect or FREEZING ON DRYING OF SLUDGE 


36. 
Oo”. 
38. 


39. 
40. 


4]. 


Object of Tests . 

The Tests 

Comparison of Draaniin, a iroren aa ee 
frozen Sludge 

Microscopic Appearance 

Comparison of Separation of ie fron Frozen 
and Unfrozen Sludge 

Conclusions . 


V. SEDIMENTATION OF SETTLEABLE MATTER IN SEWAGE 


42. 
43. 


Object of Tests . 
Plan of Tests 


A. First Investigation Using Coan AND SAND AS 
SEDIMENT 


44, 


45. 


46. 
47. 


Description of Anparane 
Method of Making a Run . 
Analysis of Samples. 
Description of Sediment 


PAGE 
34 
34 
34 
34 


35 
35 


36 
36 
36 
36 
37 
44 
44 


46 
47 


48 
48 
48 


50 
52 


53 
54 


54 
54 
55 


55 
55 
56 
57 
57 


CONTENTS (ContTInvED) 5 


PAGE 
48. Determination of Solubility of Samples . . . 57 
SOL CSCSFODS TU SIOT yeaa Bek, Sex ete 8 57 
00. Volumetric Displacement + . . . . . . 60 
Slee Lemperature. Correction) hip. 4 tellns  6l 
D2 ely pical Results Gia less. «  wahasawy a 1. we Ge 
03. Results of First Investigation. . . . . . 62 
B. INVESTIGATIONS ON SEDIMENTATION IN FLOWING- 
THROUGH CHAMBER OF AN ImHoFF TANK... 63 
54° General Considerations. —.| = . . G0. 4. 63 
C. Srconp INVESTIGATION ON SEDIMENTATION. . . 63 
DOmODICCLOL, LUSts eae ae ne lal, © eet 
DO. Description of Apparatus.) 5 4 4)... 2) 64 
57. Description of Typical Run . . . 65 
58. Discussion of Analytical ngeomninaton: Used 
end Revisions Madees. 9.) s.70 . 9. a) eee on 
59. Settling Solids Determination. . . . . . 66 
OO) Summary orehesults <2. 50. 2 ae Gn 
OleiConclustons.2. 455 s2 S ase Bet 4 a OS 
D. Tuirp INVESTIGATION ON SEDIMENTATION . ... 69 
62. General-Considerations. . ./. . . .=. 69 
Go mObiecl Olabests es 92 Ge. 6 ise a ane OO 
64. Plan of Tests. . . Ae eo ae 70 
65. Description of Denpare nis ee ld an 72 
66--Method of Makmme-a Run. . .» ... .t=e=<75 
OMeourvey or Llowsot the: lank. "2 =: 7 3 i 
OS: Analysis of Samplesy -—= > —--_i- . 2 79 
69. Results of Tests gt es en Sa gees 79 
LOSBANGLY SIScOlTReSUl towers os beaker co cen eS 
lem ON CLUSLOIS wy. Peeks, Gwe |e o4, 0 Se nahi ee ee 
Vice Crass RODUCTION IN IMHOFF LANKS « % « <° % 4 838 
MARODIECHOLVeStS)., Gy 48 e2 wills so nd) ee Eee Ro 
Uoae be Léests. #2 ~. CF fe eee ee 83 
74. Description of Danke NOT Pi yA kere Yee 
ome DeratiOunm ts) feo eh PET ee) Sk Te Se Se 
76. Results of Tests See ei eS end <, ME OD 
Mie OUauGY Olas ETOOUCE: feo ot 5) ws a, Se BE 


(Se COUCIUSIONSS aultee ee ces ay Pa 87 


CONTENTS (ConciupeEp) 


VII. Gas PropuctTIon IN SEPARATE SLUDGE-DIGESTION TANKS 


79. 
80. 
81. 
82. 
83. 
84. 
85. 


Object of Tests . 
The Tests : 
Description of Tank 
Operation ‘ 
Analyses . 

Results of Tests 
Conclusions . 


PAGE 


89 
89 
89 
89 
90 
91 
91 
94 


2 
° 


SOON OARWN KF 


— 


ible 


12, 


LIST OF FIGURES 


. General View of Experimental Sewage Testing Plant. 

. Diversion of Sewage from Champaign Outfall to Testing Plants 

. Curves Showing Hourly Variations in Flow of Sewage 

. General Layout of Sewage Testing Plant 

. Influent Control Device for Tanks . 

. Details of Imhoff Tank A 

. Details of Imhoff Tank B 

. Details of Tank C. . ‘ 

. Sketch of the Sludge Drains) Deri ae: 

. Drainability Curves for Deep and Shallow Ton ar sake Siudees Shewink 


the Relation between Per Cent of Draining Liquor That has Drained from 
Sludge and Time Elapsed Since Start of Test , 
Drainability Curves for Deep and Shallow Imhoff-Tank Sladges Showite 
Per Cent Moisture Content of Samples at Various Times During Test . 
Drainability Curves for Deep and Shallow Imhoff-Tank Sludges Showing 
Per Cent of Original Moisture Content That Remains in Samples at 
Various Times During Test 


. Comparison of Quality of Sludges from Den Tmhot Tank aaa Shatlon 


Imhoff Tank by an Average of Drainability Tests . 


. Sludge Sampling Device . 
. Comparison of Draining Guslines a Sladees Weed in Daa: Tests of 


Chapter III . 


. Results of Sludge Bains on Tndcor Beds Vane Various Ohedges ; 
. Differences in Cracking and Pulling from Sides of Bed of Moistened and 


Unmoistened Sludges 


. Probable eee Action of Sludge Pari: Due fe Adaigen a 


Moisture 


. Effect of Pecan ee on Deine of sides, al Char ntedsies ai Studies Gare 


Formed 


. Effect of Bresnag on Decne a Shudges : 

. Effect of Freezing on Draining of Activated Studes 

. Photomicrographs of Sludges Before and After Freezing. 

. Comparison of Separation of Water from Sludges Before and After GecAne 
. Details of Sedimentation Tank and Arrangement of Apparatus Used in First 


Investigation on Sedimentation 


. Curves Showing Relation between Per Cent Beneton & Sugieuis| Solids 


and Concentration Using Sand as a Sediment 


. Curves Showing Relation between Per Cent Reduction of Sieoer ded Slide 


and Concentration Using Coal as a Sediment 


. Details of Influent Control Apparatus on Tank C 
. Curves Showing Relation between Per Cent Re tue done in Sctiling Solids 


and Concentration for 4-ft. Depth of Flow (Second Investigation) 


. General Arrangement of Tank C Sludge Dosing Apparatus . 


me wWHN ee 


LIST OF FIGURES (ConcLupDED) 


. A Chloride Survey of Tank C 
. Relation between Per Cent Reduedane in setting Solids oil Concentration 


for Different Detention Periods at 10 deg. C. 


. Relation between Per Cent Reduction in Settling Solids and ‘Concenneien 


for Different Depths for 10 deg. C. 


. Relation between Per Cent Removal and Detennnn Pevied for Wniode Cue 


centrations of Settling Solids . 


. Details of Gas Collecting Apparatus in Tank B 

. Weekly Averages of Imhoff Tank Gas Production : 

. Relation between Gas Production and Temperature in Imhof Tanks ; 

. Arrangement of Tank B for a Combined System of Two-Stage Separate 


Sludge Digestion 


. Graph Showing Gas Productions in the ere Chambers lot the Combined 


Two-Stage Separate Sludge Digestion Tank 


LIST OF TABLES 


. Weekly Averages of Hourly Flow in Champaign Sewer . 

. Typical Sludge Drainability Test Data. 2 

. Average Values for Fifteen Representative Traine bility Tests 5 aes 

. Summary of Observations Made on Drying of Deep Imhoff Tank Stud 


and Shallow Imhoff Tank Sludge on Outside Sand Drying Beds 


. Results of Chemical Analyses on Samples of Bottom Sludge. . . 
. Volume of Sludge Produced in Deep Imhoff Tank and Shallow Imhoff Tank 
. Amounts of Water Added eee Alternate Day to Respective Sludge 


Drying Beds . 


. Summary of Obseeions Made on Drying ee isludees Under Vervine 


Amounts of Moisture Dosage 


. Results of Moisture Tests on oe from mes Trion Tank Aad Shallow 


Imhoff Tank . 


. Results of Moisture Tests on Bledees fon Den Thor Tanke and from 


Separate Sludge Digestion Tank 


. Results of Moisture Tests on Sludges from Trntions Tanke aii Chanmpane 


Urbana Plant. 


. Results of Moisture Tests on iSindiges foun Tmho® Tanks of Bloomington. 


Normal Plant. 


. Results of Moisture Tests on Sindee: from Thor Panke of Decatur Plant 
. Per Cent Moisture and Reduction in Volume of Dias Dried under Freez- 


ing Conditions 


. Data Collected During Study of Seaimentacune on a onan Depth Bast 


Using Sand for Sediment 


. Data Collected During Study of Sedimentation: on a pray Depth Basi 


Using Coal for Sediment 


. Summary of Data on Sedimentation op 4 ft. Depth Of Flow (Second Toe 


tigation) 


Period . 


. Summary of Sedimentation Darn fey 4-ft. pepth ad 27- -min. ipemncen 


PAGE 


68 


70 


NO. 
19. 


20. 
21. 
22. 
23. 
24, 
25. 
26. 


27. 
28. 


29. 


LIST OF TABLES (ConciupEp) 


Summary of Sedimentation Data for 4-ft. Depth and 36-min. 


Period . 


Summary of Selcnentation Data Pa 4- rth Deptt aad ABs -min. 


Period . 


Summary of S dimenitation Date fon 4- ft. Depth ae 54- -min. 


Period . 


Summary of Sadinentation Date for a ft. "Depth aed 90- -min. 


Period . 


Summary of Sedimentation Date foe Ae Depth ul 120-min. 


Period . 


Summary of Sedimentntion Dee for 2-ft. Depth ond 120- -min. 


Period . 


Summary of Sedimentation Date for 6-ft. Deon ad ovine 


Period . 


Summary of Be mention Date for 8- ft. enh end 120- -min. 


Period. . 
Analyses of Tenen: Fane Gas 


Detention 
Detention 
Detention 
Detention 
Detention 
Derenten 
Detention 


Detention 


Cubic Feet of Gas Produced per Peand of Volatile Matter Based on nS 


Extending over Three-week Periods 


Weekly Gas Analyses and pH Determinations of the no. Gornarinents or 
the Separate Sludge Digestion Tank and Ash Determinations of Sludge 


Added . 


9 
PAGE 
71 
72 
73 
74 
76 
78 


79 


92 


RESULTS OF TESTS ON SEWAGE TREATMENT 
I. INTRODUCTION 


1. Objects of Tests.—The digestion of sludge in Imhoff tanks with 
a depth in the neighborhood of 30 feet is a recognized method for the 
- successful treatment of sewage. The construction of such deep tanks 
is frequently both expensive and troublesome. The object of the 
tests reported in Part II was to study the practicability of sludge 
digestion in shallow Imhoff tanks with a view toward reducing the 
expense and difficulties met in the construction of deeper tanks. 

Roofs are sometimes placed on sludge drying beds to hasten the 
drying process by preventing the moistening of partly dried sludge 
during rainy weather, and to prevent nuisance due to odors. The 
object of the investigation reported in Part III was to determine the 
effectiveness of such protection in hastening the drying of sludge. 

In many sewage plants it has been the practice to omit the regular 
drawing of sludge from digestion tanks during the winter months be- 
cause it is generally supposed that the freezing of the sludge prevents 
its drying. The object of the tests reported in Part IV was to deter- 
mine whether or not it is feasible or advantageous to draw sludge into 
the drying beds in cold weather. 

The settling of suspended matter in sewage is among the impor- 
tant steps in sewage disposal. Among the factors affecting sedimen- 
tation are: the period of retention, the velocity of flow, the concentra- 
tion of the particles, the depth of flow, and the temperature. The 
object of the investigation reported in Part V was to derive an ex- 
pression for the relation between these factors and the per cent re- 
duction of suspended particles in the sewage. 

Gas of commercial value is produced as a result of sludge digestion 
in an Imhoff tank. The amount of gas produced may be increased by 
raising the temperature of the sludge. The object of the tests report- 
ed in Part VI was to determine the practicability of heating the sludge 
compartment of an Imhoff tank to increase the quantity of gas pro- 
duced. This investigation was continued in Part VII in connection 
with a separate sludge digestion tank to determine the quantity and 
quality of gas formed, the effect of heating the sludge, and the effect 
of circulating the tank liquor in preventing scum formation. 


2. Acknowledgments.—The tests herein described were made as a 
part of the work of the Engineering Experiment Station of the Univer- 
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Fig. 1. GENERAL VIEW OF EXPERIMENTAL SEWAGE TESTING PLANT 


sity of Illinois of which Dnan M. 8. Kercuvm is the director, and of 
the Department of Civil Engineering of which Pror. W. C. Hunvt- 
INGTON is the head. Most of the work was done by members of the 
staff of the Engineering Experiment Station, but some of the expenses 
were paid from funds provided by the Chemical Foundation. 

Mr. C. V. Erickson, Graduate Research Assistant of the Engi- 
neering Experiment Station, and Mr. L. V. CARPENTER, a graduate 
student, performed the early tests on Imhoff tanks and sedimentation. 

Acknowledgment is made to Dr. A. M. Buswntt, Chief of the 
State Water Survey, for his splendid codperation and advice in the 
conduct of the tests. Thanks are due members of the State Water 
Survey Staff who conducted some of the routine laboratory analyses. 


3. History of Investigations.—The experimental plant, consisting 
of the present pump building and a number of tanks in the open, was 
operated jointly by the Department of Municipal and Sanitary 
Engineering, the Illinois State Water Survey, and the Department of 
Farm Mechanics from 1922 to 1925. The Department of Farm Me- 
chanics completed its tests in the fall of 1925. In 1926 the Depart- 
ment of Municipal and Sanitary Engineering was merged with the 
Department of Civil Engineering, which has codperated with the 
State Water Survey to date. The tests on Imhoff tanks were begun 
by C. V. Erickson in June, 1925, and L. V. Carpenter worked on the 
sedimentation of fine particles throughout the fall of 1925 and spring 
of 1926. The plant was operated and tests were conducted by C. VY. 
Erickson until June, 1927. From June, 1927, to June, 1929, the plant 
operation and tests have been carried out by the junior author. The 
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Fic. 2. Diversion or SEWAGE FROM CHAMPAIGN OUTFALL TO TESTING PLANT 


conduct of the tests from their inception has been under the super- 
vision of the senior author. 

The experimental plant has been continually enlarged to accom- 
modate the apparatus added from time to time for new experiments. 
A view of the plant as of May, 1928, is shown in Fig. 1. 


4. Source of Sewage.—The sewage, upon which the investigations 
were made, was obtained from the Champaign outfall sewer. This 
sewer, at the point where sewage is taken from it to supply the experi- 
mental plant, parallels the tracks of the Illinois Terminal Railroad 
System. The sewage used at the experimental plant is carried through 
private sewers for a distance of 400 feet to the pump sump of the 
plant, as shown in Fig. 2. 


5. General Characteristics of Sewage.—The sewage from the city of 
Champaign may be described as an ordinary domestic sewage, prac- 
tically free from industrial wastes and receiving large quantities of 
ground water in the wet seasons. 

As arule the strongest sewage reaches the experimental plant from 
10 a.m. to 1 p.m. and the weakest from 3 a.m. to6 a.m. During the 
latter period the sewage is largely ground water which has filtered 
into the sewer. Large amounts of debris, rags, vegetable and animal 
matter are present in the day sewage. 


6. Quantity of Sewage.—Averages of the hourly variations in the 
flow of the sewage in the Champaign outfall sewer were computed for 
twelve selected weeks by the State Water Survey and are shown in 
Table 1. These data are also plotted in Fig. 3. 
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Fig. 3. Curves SHow1na Hourty VartaTions IN FLow or SpwacEe 


In order to approximate these conditions the flow at the experi- 
mental plant would necessarily have to be varied. The ideal arrange- 
ment would be to vary the flow to the experimental apparatus at a 
constant ratio to the flow in the Champaign sewer. Automatic de- 
vices for proportioning the flow give considerable difficulty with raw 
sewage, especially when handled in relatively small amounts. It was, 
therefore, decided to adjust the flow manually three times a day. 
The proportionate amount of flow and the time of day are shown in 
Fig. 3. With this arrangement the experimental apparatus was fed 
with a quantity and quality of sewage closely approximating that in 
the city sewer. 


7. Description of Apparatus.—The general layout of the sewage 
testing plant is shown in Fig. 4. A very low dam built in the manhole 
of the Champaign outfall sewer causes sewage to flow to the testing 
plant through a 6-inch and a 4-inch vitrified clay sewer tile. The 
sump into which these two sewers discharge was made as small as 
possible, by means of partitions, so as to reduce to a minimum the 
settling of the sewage at this point. A 2-inch centrifugal pump driven 
by a 5-horsepower induction motor lifts the sewage to an influent 
control box, from which raw sewage is fed to the experimental appa- 
ratus at any desired rate of flow. The pumping equipment is set up 
in duplicate so as to provide a stand-by unit for use in the event of 
difficulty with either pump or motor. 

The influent control box, which regulates the rate of flow of raw 
sewage to the various tanks, is shown in Fig. 5. A float in this box 
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operates an automatic cut-out switch which causes all electrical power 
in the pump building to be cut off in case the flow of sewage stops. 
This installation prevents wear on the pumps (or freezing in cold 
weather) which would result if ran without pumping sewage. 

The flow of sewage to the influent control box occasionally 
stopped from one cause or another. Numerous devices were used for 
the purpose of recording the exact time that this occurred during the 
night when no one was on duty at the plant. The most successful 
device used for this purpose was a Foxboro water level recorder which 
operated in the influent control box, shown in Fig. 5. 

The rate of flow of sewage through any one of the various tanks 
could be measured by diverting its effluent to a large measuring tank 
having a known increment of volume per foot of depth. 

Only a general description of the experimental apparatus used in 
the various tests is given in this section because of changes and addi- 
tions made during the conduct of the tests. Details of these changes 
will be given later in connection with each individual test. 
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Three wood-stave tanks designated as tanks A, B, and C were 
built in the order given. The details of tank A showing the construc- 
tion features, the arrangement of the influent and effluent weirs, and 
the means for the withdrawing of sludge are shown in Fig. 6. Tank B 
is similar to tank A except that provision was made for the sealing of 
the gas vents for the collection of gas. A description of the apparatus 
installed for the collection of gas is given on page 84 of Part VI. In 
order to make possible the securing of sludge samples and the meas- 
urement of the depth of the sludge without removing the gas hoods, 
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an aperture, covered by a sliding panel, was made in the sloping wall 
- of the sedimentation basin, as shown in Fig. 7. Each gas vent of the 
tank was provided with a 2-inch blow-off pipe under the gas hoods to 
be used in case clogging of the gas collectors should cause the accumu- 
lation of gas under sufficient pressure to damage the walls of the sedi- 
mentation chamber. These blow-off valves also provide a convenient 
means of determining whether scum is accumulating under the gas 
hoods. 

Tank C was built for the purpose of providing a tank which might 
easily be altered for the conduct of tests on sedimentation. The efflu- 
ent weir box was so constructed that changes in the depth of the 
sedimentation basin could easily be made. The sedimentation basin 
of tank C was made quite similar to that of tanks A and B so that 
comparisons could be made of tests carried out in the different tanks. 
The sludge digestion chamber was equipped with a squeegee to pro- 
vide for the complete daily removal of sludge from the tank, in order 
that data on sedimentation could be secured without the possibility 
of the transfer of sludge particles from the sludge digestion compart- 
ment to the sedimentation chamber. The details of tank C are shown 
in Fig. 8. 

The tank was provided with a separate influent control apparatus 
for the purpose of obtaining a wider range of rates of flow than is 
possible with the main influent control box. 

Sludge drying beds as shown on the general layout of the plant in 
Fig. 4 were provided to care for the sludge withdrawn from tanks A 
and B. 

After passing through the testing plant all sewage is returned to 
the Champaign outfall sewer by means of an 8-inch vitrified sewer 
tile, nothing being discharged into the Boneyard Stream. 


Il. ComMpaRISON OF RESULTS OF SLUDGE DIGESTION IN DEEP AND 
SHALLOW IMHOFF TANKS 


8. Object of Tests.—Tests were made for the purpose of comparing 
the quantity and quality of sludge produced in a deep Imhoff tank 
and in a shallow Imhoff tank with the view of determining the relative 
economy and effectiveness of sludge digestion corresponding to differ- 
ent depths. Two Imhoff tanks with digestion chambers of different 
depths were used for these tests, the idea being to keep each tank 
operating under the same conditions with the exception of depth. 
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The arrangements of the tanks were as follows: 
Depth of sedimentation basin: 
Shallow tank (Tank A)—6 feet 
Deep tank (Tank B)—6 feet 
Average detention period :— 
Shallow tank (Tank A)—1.78 hours 
Deep tank (Tank B)—1.86 hours 
Depth from the flow-line to the bottom of sludge digestion 
chamber: 
Shallow tank (Tank A)—14 feet 10 inches 
Deep tank (Tank B)—25 feet 1 inch 
Condition of gas vents: 
Shallow tank (Tank A)—open to the atmosphere 
Deep tank (Tank B)—trapped for the collection of gas 
It was assumed that the difference in the condition of the gas vents 
in the two tanks did not affect the results of the tests appreciably. 


9. Operation.—At the beginning of the test 3.25 cubic feet of well- 
digested sludge, drawn from the digestion chamber of a deep Imhoff 
tank, were placed in each of the two tanks to be tested. The tanks 
were then filled to their respective flow-lines with fresh sewage. The 
flow through the tanks was controlled as described on page 15, and 
changes in the amount of sewage flowing through each tank were 
made according to the schedule given on page 15. 


A. Description of Tests 


10. The Tests.—The tests to determine the quality and the quan- 
tity of the sludge were of two classes, as follows: 
(1) Physical Tests, which included: 

(a) A weekly determination of the draining qualities of each 
sludge. This was termed the ‘‘drainability test.” 

(b) The drying of samples of each sludge on outdoor drying 
beds, the sludge being exposed to the weather; and on a ~ 
set of indoor beds, the sludge being protected from the 
weather and so arranged as to allow variation of the doses 
of moisture. 

(c) The measurement of the volume of sludge in each tank at 

frequent intervals. 

(d) Semi-weekly observations of the temperature in the sludge 
digestion chamber of each tank. 
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(2) Laboratory Tests, which included: 
(a) A weekly determination of the per cent moisture content 
of each sludge. 
(b) A weekly determination of the hydrogen-ion concentration 
of each sludge. 
(c) A weekly determination of the bio-chemical oxygen de- 
mand of each sludge. 


B. Drainability of Sludges 


11. Description of Apparatus and Procedure.—The apparatus in 
Fig. 9 was used to determine the rate of draining of the two sludges. 
A volume of 615 ¢.c. of standard Ottawa sand was heated to drive off 
all moisture and then cooled. The sand was then placed in the sieve, 
which had 28 meshes to the inch. This volume of sand made a layer 
about three-quarters of aninch deep. A one liter sample of the sludge 
to be tested was placed on the sand, and the amount of liquor drained 
off was noted at frequent intervals, until the sample ceased to drain. 
The sieve was covered to lessen any error due to evaporation during 
draining. 

The hydrogen-ion concentration, bio-chemical oxygen demand, 
and per cent moisture content of the sludge were determined by 
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TABLE 2 
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Sludge Data 
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Sample Per Cent Moisture pH BORD: Per Cent Moisture 
Shallow Tank Sludge........ 88.97 7.0 2040 80.93 
Deep Tank Sludge.......... 89.02 6.8 1620 81.08 


2. Drainability Data 


Amount of Liquor Drained Off in c.c. 


Time Since Start of Test 


Shallow Tank Sludge 


Deep Tank Sludge 
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Started to drain 
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“Standard Methods” of the American Public Health Association, 
1925. The per cent moisture content of the sample of sludge on the 
sieve was determined after draining had ceased. The amount of total 
solids in the drained liquor was determined for use in the computation 
of the quantity of moisture remaining in the sample at any time dur- 
ing the test. This determination was later discontinued, since it was 
found that the content of solids in the drained liquid was negligible in 


making the computations. 


12. Results of Drainability Tests.—The results of a typical drain- 
ability test are given in Table 2. 


From the results given in Table 2 a comparison of the two sludges 


was made as follows: 
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(a) By curves showing the relation between the per cent of the 
total amount of liquor which drained from the sludge during the 
entire test and the time interval since the beginning of the test. 
(Fig. 10). 

(b) By curves showing the per cent moisture content of the sam- 
ples at various times during the test. (Tig. 11). 
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(c) By curves showing the per cent of the original moisture that 
remained in the sample at various times during the test. (Fig. 12). 

As a result of some fifteen representative tests of the draining of 
the sludges from the two tanks, Table 3 and corresponding curves 
have been prepared. These curves give the average for all of the 
fifteen representative tests. (Fig. 13). 
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TABLE 3 
AVERAGE VALUES FOR FIFTEEN REPRESENTATIVE DRAINABILITY TESTS 


Per Cent Moisture Remaining 
Time Since Start of Test 
Shallow Tank Sludge Deep Tank Sludge 
PMIVELU COS sepsgevereysvacaveyeterc eustete ee Gieecie aumereies 96.65 95.05 
PVM ULCS eG mectpeetetie ct re ets wren wees 95.93 93.27 
NOB LimU CES ifrrces ck. cri aversiese crece oreppe eevee ee 94.71 91.21 
OP NLINUGES rea un creer Goose arte ee 93.93 89.54 
PBOBIILMULOS sapecssemrie si Pecevsuereeiere lakeiant a) seve aie 93.19 88.21 
SOMUTMMUIEES rope sre roves Slayeratencssyeveiet a) eis oralaeleeraye 92.58 86.26 
PEOMNEITULGES ve etn isin stoveceete oe oso alone Riciareiera 90.49 83.92 
UMELOUL A Cele once sic sdas Hew eabmre ees 89.22 82.22 
BOREL OUTS cerca erie loin cle tece toe oeteasels pianist 87.06 80.13 
REV OUTS srarevstercis tis ateyaiere rosserea: erviee sieves 85.34 78.74 
SPLLOULS ree eta Eee reieieints ete ete Tee cence 82.50 76.85 
DPLLOULS ote nee naverstetersteie einai iemn eee nc 78.74 73.54 
MODEL GUTS (ty ctaetotsisicrem seletroreinar soars 73.50 69.69 
PA UELOUIS ttancteteusve. ay stevele eat eiefaie elntareaveus Shas 69.83 66.81 


13. Conclustons.—The drainability tests indicate that the sludge 
from the deeper tank is of better quality than the sludge from the 
shallower tank, since the steeper slopes of the curves in Figs. 11, 12, 
and 138, for the deeper tank, illustrate the fact that this sludge drains 
more rapidly. 

C. Rate of Drying of Sludges 


14. Outdoor Beds.—Samples of sludge from the deep Imhoff tank 
and from the shallow Imhoff tank were allowed to dry on sand beds 
in open air, exposed to the weather, for the purpose of comparing the 
drying of the two sludges on open beds under conditions occurring 
in practice. 

The sand beds used in these tests consisted of a rectangular box 
which was divided into two sections 3 ft. 2 in. square. Each section 
contained a 10-in. layer of building sand, supported on a 6-in. layer 
of gravel, averaging about one-half of an inch in size. The gravel 
rested directly upon a fill of cinders, providing good drainage for the 
bed. 

About one quarter of a cubic yard of each sludge was placed on 
the respective sections of the bed, making a sludge layer of about 
814 in. in thickness. Daily observations were made on the color, 
odor, general appearance, size of cracks, and the depth of sludge on 
each bed. A per cent moisture determination was made on the two 
sludges at the time they were placed on the beds, and again after 
about a month of drying. Conditions of the weather and wind were 
taken into account in the comparison of the two sludges. Observa- 
tions were made on three sets of samples taken from the two tanks 
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and placed on the beds at different seasons of the year. A summary of 
the observations made on one of these tests is given in Table 4. The 
other tests gave similar results. 


15. Conclusions on Outdoor Drying.—From the observations made 
on the drying of the sludges on outdoor beds it is concluded that the 
deeper-tank sludge is of superior quality, for the following reasons: 

(1) The deeper-tank sludge was darker in color, ranging from 
black at the beginning of drying to a slight gray at the end of about a 
month on the bed, while the shallower-tank sludge had a color rang- 
ing from a dark gray to a very light gray with a slight reddish-brown 
tinge. 

(2) The deeper-tank sludge had a tarry odor which was not offen- 
sive at any time during the test. The sludge from the shallower tank 
had a damp earthy odor which remained offensive for some con- 
siderable time. 

(3) The deeper-tank sludge appeared to dry more quickly than 
the shallower-tank sludge, and water disappeared from its surface 
almost immediately after a rain, while the water remained in pools 
for some time on the shallower-tank sludge. 

(4) The shallower-tank sludge remained soggy under the layer of 
crust which appeared after about the eighth day, while the deeper- 
tank sludge remained quite dry even following a rain. 

(5) Cracks formed on the surface of the deeper-tank sludge sooner, 
and were smaller and more numerous than those appearing on the 
shallower-tank sludge. The cracks in the shallower-tank sludge were 
very large, one crack generally extending across the whole layer. 

(6) The thickness of the deeper-tank sludge decreased at a much 
greater rate than the thickness of the shallower-tank sludge. The 
final thickness of the deeper-tank sludge was much less than that of 
the shallower-tank sludge. 

(7) Although the per cent moisture content of the deeper-tank 
sludge was the greater at the beginning of the drying, it was slightly 
less than that of the shallower-tank sludge at the end of a period of 
one month. 

An observation made on samples of sludge from the deep Imhoff 
tank and from the shallow Imhoff tank showed the two samples to 
contain psychoda larvae, and it was found that the deeper-tank 


sludge contained a greater number of these larvae than did the shal- 
lower-tank sludge. 


16. Indoor Beds.—A study was made on the drying of sludges on 
indoor sand beds, protected from the weather, and dosed with known 
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quantities of water. Sludges from the deep Imhoff tank and from the 
‘shallow Imhoff tank were placed on similar drying beds. Each of 
these beds was divided into six sections. Each of these six sections of 
each bed was subjected to controlled doses of water every other day. 
The general procedure followed in the conduct of this test is given in 
Chapter III, page 36. 

Since samples of sludge from the deep Imhoff tank and from the 
shallow Imhoff tank were used in some of these tests, a comparison of 
the two sludges may be made from the observations obtained. 


17. Conclusions on Drying on Indoor Beds.—Test No. 1, the re- 
sults of which are reported on pp. 38-40, shows the superiority of the 
deeper-tank sludge over the shallower-tank sludge with respect to the 
final moisture content and the per cent reduction in the volume of the 
sludges. From a summary of the observations made during a typical 
test, as shown in Table 8, the deeper-tank sludge has proven to be of 
superior quality, since it is darker in color and does not produce an 
offensive odor at any time during the test, while the shallower-tank 
sludge was quite offensive at all times. The deeper-tank sludge ap- 
peared to be quite dry while the shallower-tank sludge was quite slimy 
in appearance on the beds which were dosed with water. The cracks 
which formed on the surface of the deeper-tank sludge were smaller . 
and more numerous than those which formed on the surface of the 
shallower-tank sludge. The deeper-tank sludge settled more quickly 
than the shallower-tank sludge, and the reduction in volume of the 
deeper-tank sludge was greater than that of the shallower-tank 
sludge. 


D. Bio-chemical Oxygen Demand, Hydrogen-ion Concentration, and Per Cent 
Moisture Content of Sludges 

18. Method of Taking Samples.—Samples of sludge were taken 
from the deep Imhoff tank and from the shallow Imhoff tank weekly 
and analyzed for bio-chemical oxygen demand, hydrogen-ion con- 
centration, and per cent moisture content for the purpose of compar- 
ing the sludge from the deeper tank with that from the shallower tank 
in regard to these qualities. 

The apparatus for the taking of sludge samples consisted of a 
wide-mouthed glass bottle of one liter capacity. The bottle was 
wedged within a four-inch diameter pipe nipple. A wrought-iron cap 
screwed on the lower end of the nipple added sufficient weight to sink 
the bottle, and also served as a protection. The mouth of the bottle 
was closed by a rubber stopper held in place by a spring. The device 
is illustrated in Fig. 14. 
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In sampling, the bottle is lowered to the desired depth and the 
stopper is removed, by means of a chain, until the bottle is filled. The 
stopper is then allowed to spring back into position. The return of 
the stopper into the bottle makes it possible to secure samples of 
sludge without the danger of introducing additional moisture into the 
sample as it is being drawn up. 

Another device used for the taking of samples and for determining 
the sludge level consisted of an ordinary pitcher pump, on the suction 
side of which was attached a length of hose. The hose could be 
lowered to any desired depth and a sample taken by means of the 
pump. This device was especially useful in getting the sludge level 
due to the fact that the sludge was not disturbed when care was exer- 
cised in pumping and in lowering the hose. 


19. Results of Analyses.—The bio-chemical oxygen demand, hy- 
drogen-ion concentration, and per cent moisture determinations for a 
ten-month period are shown in Table 5. 


RESULTS OF TESTS ON SEWAGE TREATMENT 31 


TABLE 5 
RESULTS Or CHEMICAL ANALYSES ON SAMPLES oF Borrom SLUDGE 


Per Cent Bio-Chemical 
Moisture pH Oxygen 
Denane P.M, 
Date 
Shallower Deeper Shallower| Deeper | Shallower Deeper 
Tank Tank Tank Tank Tank Tank 
Sludge Sludge Sludge Sludge Sludge Sludge 
MUTE 2 9 O26 o rraye cvate: aepavscorsts 91.63 93.90 6.2 6.4 
UTE WZO 1926 82, te, siete cceieile 91.30 92.95 6.2 6.4 2476 2656 
milange el O26 Se eens sys cyeeze stacs 91.00 92.20 6.0 6.0 2724 3360 
ULV DELO ZO cis soststs coe Norte 92.44 92.44 6.2 6.6 2327 2111 
ulyeZO NOL ca cic) oareeon wetae + 92.63 91.97 6.6 6.7 3187 3088 
Asura CPR ares ck on oe 93.39 92.68 wie 6.6 1865 1995 
PATIGUISU) oO ZO so s4 eselereteeueeve 7.0 6.8 2020 2320 
August 10, 19265. cusses 92.80 92.40 6.6 6.6 
AUIS USE LORMIO2ZG S cearccaters ecersnele 6.8 7.4 2000 1600 
PAM USE 28; LOQC cane csccias eee 93.16 93.02 6.8 6.8 1545 1540 
PAU GUStSL, LOSS. ols -cceie 3 91.22 91.97 dies 7.0 1380 800 
September 7, 1926.......... 90.76 90.48 7.0 7.0 1630 1270 
September 7, 1926.......... 87.96 90.91 We 7.2 2100 1280 
September 13, 1926......... 88.50 90.20 
September 20, 1926......... 89.20 90.50 
September 30, 1926......... 89.80 89.20 
October 65,1926. 05... «ates 90.00 90.00 
October'd3, 1926........... 91.93 88.97 
October 20, 1926.2... 01... 91.56 89.67 
Mctober 265) 19265 vrelacsccce A 6.8 1704 1890 
November 3, 1926. ......... 91.59 90.83 aCe 7.8 1315 1384 
November 12, 1926......... 93.60 93.24 
November 17, 1926......... 
November 24, 1926......... 95.80 90.52 er 6.6 1216 1154 
Mebruary 24, 1927...0.0.-.<.- 94.32 91.51 6.8 Oe 2200 1250 
Warehs, 1927 So5c ci cctscce ste 6 92.19 90.90 3250 1120 
WlarehlO WL O27 are aie tree soleus 91.90 92.31 6.4 6.8 2900 1400 
Var chy lige VO 2c ates sce srate sve 92.09 91.19 
Minho l S$ 092 Tan eis co srclakee 89.27 90.18 6.4 7.0 2500 1400 
Waroh 247 19275 a sk vies aecere 89.40 90.00 6.6 7.0 2180 1430 
Mlarchy sil LO2Te.. svevcseree o o/o%0 88.97 89.02 7.0 6.8 2040 1650 
April 7, 1927 a Tanenataets acarever hs 89.04 90.12 £60) 7.0 2110 2010 
A rilelbs LODT eer aceve a 90.40 89.76 7.0 7.0 2510 2060 
MAVETAG Epis echievs oat ayetee = aye 91.13 91.14 6.82 6.84 2154 1762 


20. Conclusions.— 

(a) Bio-chemical Oxygen Demand:—The deeper-tank anidee is 
of superior quality since the average value for its bio-chemical demand 
determinations is less than that of the shallower-tank sludge. In a 
few of the individual determinations the bio-chemical oxygen demand 
of the deeper-tank sludge is greater than that of the shallower-tank 
sludge, but in each case the difference is slight in comparison with the 
general range of the two values. 

(b) Hydrogen-ion Concentration:—The average values of the 
hydrogen-ion concentration for the two sludges and also the values 
for the individual determinations do not vary greatly. This is to be 
expected because the large volume of fresh sewage passing through the 
two tanks acts continuously as a buffering solution for the sludges in 
the two tanks. Since the same sewage was distributed to the two 
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tanks the hydrogen-ion concentration of the tanks should be about 
the same. 

(c) Per Cent Moisture Content:—The average values for the per 
cent moisture content of the two sludges are almost identical. This 
is significant in view of the other distinct differences found in the 
chemical and physical properties of the two sludges. The per cent 
moisture content of a sludge has been used as an index of its degree 
of digestion. As a result of the tests herein described, it would be 
concluded that this method of comparing the ripeness of sludges is 
not always applicable, since other tests have shown the two sludges to 
differ in many respects and still to have almost identical per cent 
moisture contents. 


E. Quantities of Sludge Produced 


21. Method of Determining Sludge Level.—The sludge levels of the 
deep Imhoff tank and of the shallow Imhoff tank were determined 
weekly for the purpose of finding the volume of sludge produced. | 

Several different devices were used to locate the sludge levels. 
The device first used consisted of a thin, saucer-shaped, sheet-iron disc 
six inches in diameter. The disc was lowered slowly in a horizontal 
position, by means of a thin copper wire, until the slackening of the 
wire indicated that the disc had encountered the sludge level. Con- 
sistent results were not always obtained with this device since the 
disc sometimes passed through an appreciable layer of thin sludge 
before coming to rest. 

This apparatus was discarded in favor of the bottle device des- 
cribed on page 29. Successive lowerings of the bottle were made until 
the presence of sludge in the bottle indicated that the sludge level had 
been reached. This method was satisfactory except for the time re- 
quired to locate the level without disturbing the sludge. 

The pitcher pump and hose described on page 30 was used success- 
fully by lowering the hose slowly into the tank while the pump was 
being operated. Discharge of sludge from the pump indicated that 
the sludge level had been reached. 

This last method was found to be the best for obtaining consistent 
results in determining the sludge level in the tank and in getting a 
representative sample from any given depth. It was found by re- 
peated tests that the sludge level could be obtained within an inch, 
with this device, which is as close as could be expected in view of the 
fact that there is not a distinct division between the sludge and the 
liquor in the tank. 
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22. Quantities of Sludge Produced.—A record of the sludge pro- 
duced in the deep Imhoff tank and in the shallow Imhoff tank is 
given in Table 6. 


23. Conclusions on Quantity of Sludge Produced.—From Table 6 
it is shown that a greater volume of sludge was accumulating in the 
shallower tank than in the deeper tank. The observations for the 
first period before any sludge was removed from the shallower tank 
show this fact. After this period it became necessary to remove a 
considerable amount of sludge from the shallower tank to keep the: 
level of the sludge below the slot. For this first period there was 
probably better digestion in the deeper tank, since the two tanks had 
identical flowing-through chambers and practically identical flows. 
Due to the later unequal removal of sludge from the two tanks, it 
should be expected that the deeper-tank sludge would be more thor- 
oughly digested than that in the shallower tank because of its greater 
age. 


F. Temperature of Sludge Compartment 


24. Method of Determination.—The temperatures of the sludge 
compartment of the deep Imhoff tank and of the shallow Imhoff tank 
were determined semi-weekly. To accomplish this a bottle of about 
two liters capacity was filled with clear water and permanently sus- 
pended in the sludge in the tank. When it was desired to observe the 
temperature of the sludge, the bottle was removed from the tank and 
a thermometer was inserted init. The temperature of the sludge was 
assumed to be the same as that of the water in the bottle, because the 
change of temperature of the bottle was inappreciable during the 
brief time required for the observation. 


25. Results.—It was found that the temperature of the sludge in 
the deeper tank did not vary so widely as that in the shallower tank. 
Comparison of these temperatures with the temperatures of the in- 
coming sewage showed that the shallower-tank temperatures more 
nearly followed the temperature of the incoming sewage. 


26. Conclusions.—F rom a study of the temperature ranges in the 
two tanks it is concluded that the greater volume of liquor in the 
deeper tank aided in maintaining a constant temperature in the 
sludge. With the temperature of the liquor immediately above the 
sludge in the deeper tank remaining-practically constant also, there 
is less chance for an interchange of sludge liquor with raw sewage than 
in the case of the shallower tank, where the liquor volume is compar- 
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atively small, and therefore easily subjected to temperature varia- 
tions. 
G. General Conclusions 


27. Conclusions.—The tests made on the comparison of the quan- 
tity and quality of the sludge produced in a deep Imhoff tank and in 
a shallow Imhoff tank, respectively, show the superiority of the deeper 
tank. The differences in the quality of the sludges produced in the 
two tanks is very well demonstrated in the results obtained from the 
physical and chemical tests, which are as follows: 

(a) Drainability tests show that the sludge from the deeper tank 
drains more rapidly than the sludge from the shallower tank. 

(b) Drying tests, conducted on outdoor beds, show the deeper- 
tank sludge to be of superior quality from the standpoint of: 

(1) The greater per cent reduction of its volume while drying. 

(2) The absence of an offensive odor (a disagreeable odor per- 
sisted in the shallower-tank sludge). 

(3) The more rapid rate of drying of the deeper-tank sludge. 

(4) The ease with which the deeper-tank sludge shed water 
during a rain (in contrast to the soggy condition of the shallower- 
tank sludge). 2 

(5) The formation of small and numerous cracks on the sur- 
face of the deeper-tank sludge as compared with the few large cracks 
formed on the shallower-tank sludge. 

(c) Drying tests conducted on indoor beds show the superiority 
of the deeper-tank sludge in withstanding large doses of moisture 
during drying. Observations on the color, odor, cracking, and rate of 
drying gave results which were similar to those obtained in the out- 
door drying of the two sludges. 

(d) The bio-chemical oxygen demand determinations show that 
the deeper-tank sludge digested more rapidly than the sludge from 
the shallower tank. 

(e) The determinations of the volume of sludge in each tank show 
that a greater volume was accumulating in the shallower tank than 
in the deeper-tank. Since the volume and quality of the sewage pass- 
ing through each tank were the same it was concluded that the di- 
gestion of the sludge in the deeper tank was taking place at a faster 
rate than that in the shallower tank. 

The necessity for the removal of undigested sludge from the 
shallower tank, due to the inadequate size of the sludge compartment, 
is one of the greatest disadvantages of the shallower tank. 

(f) The greater volume of liquor above the sludge in the digestion 
chamber of the deeper tank is helpful in keeping the temperature of 
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the sludge more nearly constant than that of the shallower-tank 
sludge. The proportional interchange of liquor is also lessened, caus- 
ing more of the seeded liquor to remain in contact with the sludge in 
the deeper tank than in the shallower tank. There is a greater volume 
of liquor in the deeper tank to act as a buffering solution for the sludge 
than in the case of the shallower tank. 


Ill. Errect or AppITION oF MOISTURE TO SLUDGE UPON 
Rate or DRYING 


28. Object of Tests.—The object of this series of investigations was 
to determine the effectiveness of the covering of sludge drying beds 
in hastening the drying of sludges. 


29. Plan of Tests. —Six separate tests on two different sludges each 
were conducted during the various seasons of the year. During these 
tests it is conceivable that all of the various atmospheric conditions 
were encountered, although the beds were actually protected from 
the rain. It was planned to test as many different sludges as possible 
to eliminate any possibility of obtaining results which might not be 
representative. The sludges tested included: sludges from the deep 
Imhoff tank and the shallow Imhoff tank described in previous tests; 
sludge from a separate sludge digestion tank in operation at the ex- 
perimental plant; Imhoff tank sludges from the Champaign-Urbana, 
Illinois, plant, the Decatur, Illinois, plant and the Bloomington- 
Normal, Illinois, plant. 


30. The Tests.—Six separate beds were used for each sludge tested, 
each bed being 12 inches square, and containing a 4-inch layer of sand 
supported on a 4-inch layer of gravel, which in turn rested directly on 
the ground. The sand was an ordinary building sand, effective size 
about 0.4 mm. and uniformity coefficient of about 2.5. Each test 
extended over a period of three weeks and was conducted as follows: 

Three and one-eighth gallons of sludge were placed on each bed, 
forming a layer about 5 inches thick. A determination of the per cent 
moisture content of each sludge was made at the time it was placed 
on the beds. At the end of the test, determinations of the per cent 
moisture content of the sludge on each individual bed were made. 
Drainability tests were made on the fresh sludge to show the draining 
qualities of the sludges. 


Every alternate day the beds were dosed with the quantities of 
water shown in Table 7. 
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TABLE 7 


Amounts or Water AppED Evrry ALTERNATE Day To RESPECTIVE 
Stupce Drying Beps 


Quantity of Water Placed on Beds 


Bed Number for Each Sludge r 
Volume Liters eakG erate: ae 
iby 9 GOS BUD COORD OTC OS OCRA Memo oat 2.4 1 
Po3: POIOIOG OBERT aes RTE Ee ROR 1.2 % 
Gis's Set COCO COG COD On Oa O ant TOT 0.6 Vp 
Oks 5 Gin 3.0 DODGE Oe PO OCR OC HERA Po 0.3 MG 
Bib SiG BORO OS OO ROG COMA Cee EanmEnIa 0.15 Yo 
(Oo 016 POCO SCOOPS CAO EN ONIbICE a orrrr rnin None 0 


Daily observations of the color, odor, general appearance, size of 
cracks, and the depth of sludge on each bed were made during the test. 


dl. Results of Tests.—The first two series of tests were conducted 
with samples of sludge from the deep Imhoff tank and from the shal- 
low Imhoff tank described in Chapter II. The two sludges in Test 
No. 1 were placed on the beds in the early spring, while those in 
Test No. 2 were placed in the late spring. The draining qualities of 
the sludges as shown by sludge drainability tests described on page 21 
are given in Fig. 15. A summary of the daily observations on the 
sludges in the first test is given in Table 8. All of the other tests gave 
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TABLE 8 


SUMMARY OF OBSERVATIONS Mapg on Dryrina or SLupGES UNDER 
Varying Amounts or Morsture Dosage 


Shallow lnpott Tarik Slvage\ 0ego lator? Tarek Sldage 


Cg espe Be Bed Number Bead Number 
rfelsle{sfaly é 
Color TS fa ay | | Black 
Odor Perea ERey ROE j ary + 
/ \Agvearance Wer and Si Surtace| Air are ¢ C2076 ~ gt ae 
Lao, la,.| B |S \ ONS VS) eee yeaa Pele oS 
DONE Te a GE. ee |e LE 
COVOr- OT RS ] ) black 
Oa0/- 1 ayia ton ee rene eee otrensive — 
2 \Aqv3cewarce Siry WH, CUM ERGO Lue 10 Gas| Cracked Away (rom 4ages 
020772, i) 4s S4 SF oz 52 oy Ff Sf 74 = 32 32 
besage,lia\ 0 | & \ & |e | # Woe 7 | 2 Ne | oleae 
Color —— hr, GFag | S/ack 
Ono ah Fitri Av (notrensive —— 
3 \4qoearav7ce loam Putted-up, ]| Swat! Surface Cracks Sravilig 
Leprh, ia \5¢ | 59 | 5H | 6 | 5# | Sz | 32 | Sz | Se | Fz | % | 3 
L08092, 17. pect ain Wor72 
eh 
Color Se a | | WHE 
OnOr- ee Al/, noffernsive 


Agqoearance [Mer & Sticky Above] Pubted: we PIG AWay ‘rom Sla@les (More 
020772, 177. 47 |\ 52 | 54 SF SF Si SF Ss. Sz | 3 22 


L052, /72,\ / Z a | no / il ze & | z£ |\Wore 
Color- a PO RY B1aCK 
OaOr- [sP ll Petr ]\(wF] Terre) WI “poftensive — 
S |\Agvearar7ce Wer ana SH CKY Lages Curling Uo and SOACKHIG. 
Leor?, /?2, | | 
ZOSAGE NH $=] at VOTE Nore—_———_—— 
i naa pe 
o/or. eee (ght, Gray | Black ——— 
C20 aa (notes sive 
6 \4qvearavice ae, “py ey aire [ v C NA v7] Fit as RA// Bee kaised 
LEH), 172. 4g | Ze oe ea Ze 
Dosage, ir 2 None| / | # Z 
GF 6 Zz a a Wore 
ae : “Ald Black, 
Odloy- ee isms All /noftersive 
? \4gqcearavice|| Wer & Sogg All Surrace Cracks] 290d) [Surface ope Cracks] 


Leth, ita | 4 | dé [42 | 5 | 5 | ae | 22 | 2z | 22 | 28 


2z 
Dosage, li? WOVE Neve 
+ a 
COlOr- LY, Gray UU CMEUEN CS 
OWoOr -Al/ Offensive Al (noftensive 


400€a0-017Ce\_— Ss 0gGy- ] Surface Cracks] (Saggy) vis Cracks] No Cracks} 
Leo, t7.| 4 oe 44 | 23 | 22 
Losage, tr,| / \ 3 None| / | z 


Color Vea” Cray i All Black} 
OgOl- Al/ Offensive — All (nor fErsive 
2 |\4gq0earaqvice WT Cracking Away trotn Sides| All Show some Surface Cracks 
Leort, ir, | 34 a le ee igen | é¢ | 24 | 22 | 22 | 22 | 24 
Losage, //?. pe VG me None 
Nemenciariure + (s) Strong; (w) Weak, (f) Putrid ; (NC) Ne Change 
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Tas e 8 (Concluded) 


SUMMARY OF OpsERVATIONS MaApE on Dryina or SLupces UNDER 
Varyinc Amounts or Morsture Dosacp 
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(3 | A4q0¢a ace \- No Noticeable he ie [ |[Surrace Cracks Lviatent] 
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similar results. 


plant. 


Analysis nade or the 23ra day for per cert (molsture. VO AAAEA AOSAGE. 


A comparison of the sludges on the basis of their 
moisture content at the end of the test for the various amounts of 
moisture added is given in Table 9. 

The third series of tests was conducted on a very well digested 
sludge from the deep Imhoff tank, and on a moderately well digested 
sludge from the secondary sludge digestion tank at the experimental 


These sludges were placed on the beds in the early fall. 


Their 


draining qualities are shown in Fig. 15. A comparison of the sludges 
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TABLE 9 


Resuuts or Moisture Tests on SuupGes rrom Drrep ImHorr TANK AND 
SuaLtLtow Imuorr TANK 


Per Cent Moisture of | Per Cent Moisture at | Per Cent Reduction 


Fresh Sample End of Test in Volume 
Bed No. Shallow Deep Shallow Deep Shallow Deep 
Tank Tank Tank Tank Tank Tank 
Sludge Sludge Sludge Sludge Sludge Sludge 
Test No. 1 
Ie a oa wedoaconoaee 89.27 90.18 78.9 73.6 46.0 71.0 
Di Men teeter Ne levevererersteiniexeds ose 89.27 90.18 80.0 75.6 42.0 67.0 
Be rae iazpteclaneveeseya ecancisvevalsia 89.27 90.18 80.2 Til 42.0 67.0 
Pee cre eth eee atc itco rake 89.27 90.18 79.9 74.8 42.0 67.0 
BOOM CIO MAGGS Oe 89.27 90.18 79.3 72.9 42.0 67.0 
CO rosae is Staten ie olaucverarern Gueuereice 89.27 90.18 75.3 72.0 54.0 71.0 
Test No. 2 
Dero d stoxsl overs tsar site sietehs austere 90.40 89.76 68.6 Sins 55.0 45.0 
Qi tdntabctar tery evi ol rere mnicveusee rene 90.40 89.76 69.4 82.0 47.0 40.0 
Bin iiaetolavevecstertevoule teas avearns 90.40 89.76 78.3 81.3 45.0 40.0 
A Aater har oherarerepareyey clavors: cieioucrors 90.40 89.76 78.1 80.8 45.0 45.0 
Sect arsverdeorsnite teeters thevekatace 90.40 89.76 75.5 80.7 47.0 42.0 
Giacietenete creuelenataves epoca Rvareytraters 90.40 89.76 69.2 74.2 55.0 50.0 


These results are also represented graphically in Fig. 16. 


TABLE 10 


Resutts or Moisture TEsts on SLUDGES FROM Derr ImuHorr TANK AND 
FROM SEPARATE SLUDGE DIGESTION TANK 


Per Cent Moisture of Per Cent Moisture at | Per Cent Reduction 
Fresh Sample End of Test in Volume 
Bed No. 
Imhoff Digestion Imhoff Digestion Imhoff Digestion 
Tank Tank Tank Tank Tank Tank 
Sludge Sludge Sludge Sludge Sludge Sludge 
Test No. 3 
Lmaierarcictterer reece oeen ce 85.13 91.62 69.2 66.9 52.6 84.3 
Dis aatsteh ade swish Gon Shee 85.13 91.62 68.3 62.7 42.2 79.0 
Daraahient. ore eee eres 85.13 91.62 69.0 63.6 42.2 73.7 
Bic ak iets, s oles ciasaretrereriee ere 85.13 91.62 68.6 63.9 39.5 71.0 
Ds Mave exis ieriste teioueveietiersssnasniene 85.13 91.62 68.9 64.3 36.9 68.4 
Gieteriicsseriansrae te averereute ome 85.13 91.62 T3.4 59.0 42.2 68.4 


These results are also represented graphically in Fig. 16. 


on the basis of their moisture content at the end of the test for the 
various amounts of moisture added is shown in Table 10. 

The fourth series of tests was conducted on sludges from two dif- 
ferent Imhoff tanks of the Champaign-Urbana, Illinois, plant. The 
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TABLE 11 


Resvuitts or Moisture Tests on StupGes rrom Imuorr TANKS OF 
CHAMPAIGN-URBANA PLANT 


Per Cent Moisture of Per Cent Moisture at | Per Cent Reduction 
Fresh Sample End of Test in Volume 
Bed No. 
Tank 1 Tank 4 Tank 1 Tank 4 Tank 1 Tank 4 
Sludge Sludge Sludge Sludge Sludge Sludge 
Test No. 4 
MPeWs aie taoe te hi sislarelavebolaie: wove aed 92.55 92.56 74 74.6 63.1 57.9 
CS > ROI. CORSET ERG 92.55 92.56 Coe 76.4 63.1 52.6 
835, .Gichs EES ROR ELORGG Chen IIo ae 92.55 92.56 74.2 75.2 57.9 57.9 
Mente tste (oh ota erste otencieietetenei 92.55 92.56 FORA E 78.8 52.6 52.6 
(55. CREE Lae SUCROSE ACCESORIES 92.55 92.56 73.9 75.2 57.9 47.4 
Cataracts ote aires wiaeielsehecevn 92.55 92.56 66 70.9 57.9 57 


These results are also represented graphically in Fig. 16. 


sludge from Tank No. 1 contained most of the grit from the sewage 
while the No. 4 tank was mostly from organic material. An unusual 
procedure was followed in the drawing of the sludges from the tanks, 
in that, for a period of about one hour before the drawing of the 
sludge, water from the city mains was forced into the bottom of the 
tanks causing a thorough mixing of the sludge in the tanks. This 
would cause the well digested sludge to be mixed with fresh sludge in 
the tank. The results of the drying tests bring out this fact quite 
clearly. The draining qualities of these sludges are shown in Fig. 15. 
The samples were placed on the beds in the early winter. 

A comparison of the sludges on a basis of their moisture content 
at the end of the test for the various amounts of moisture added is 
given in Table 11. 

The fifth and sixth series of tests were conducted in the late winter 
and the very early spring. In the fifth series of tests sludges from the 
Bloomington-Normal plant were used. The sludge from Tank No. 3 
was considered by the operator to be the best digested sludge of the 
plant, while that from Tank No. 5 was quite poor, due to the fact that 
the material which is settled in the secondary tanks from the effluent 
of the sprinkling filters is digested in this tank together with the reg- 
ular sewage sludge of the tank. About 70 per cent of the total sludge 
from this tank was from the secondary settling tank. The draining 
qualities of these two sludges are given in Fig. 15. A comparison of 
the sludges on the basis of their moisture content at the end of the 
test for the various amounts of moisture added is shown in Table 12. 
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TABLE 12 


Resuutts or Morstrurr Tests oN SLUDGES FROM ImHoFF TANKS OF 
BLOOMINGTON-NORMAL PLANT 


Per Cent Moisture of Per Cent Moisture at | Per Cent Reduction 


Fresh Sample End of Test in Volume 
Bed No. 
Tank 3 Tank 5 Tank 3 Tank 5 Tank 3 Tank 5 
Sludge Sludge Sludge Sludge Sludge Sludge 
Test No. 5 
Nein Pore Nr pc orn Re ace EE RCTS 82.19 85.35 53.2 70.8 58.0 58.0 
Daten etatocauny cs ale taka eninace ere 82.19 85.35 68.5 60.0 $2.7 58.0 
Oeh dohatuiiied Tire laws Masa 82.19 85.35 60.2 59.7 47.4 58.0 
A nee ial tarp at cloth ne aks aiivral tant eRe 82.19 85.35 59.1 60.1 47.4 58.0 
Dd near Mck uber aye bit scarurs 82.19 85.35 53.4 60.6 47.4 O2ie 
i Ate mavirttaretinecsnivetaarecoty vioeariout 82.19 85.35 51.6 57.2 47.4 58.0 
These results are also represented graphically in Fig. 16. 
TABLE 13 t 


Resvutts or Moisture Tests oN SLUDGES rRoM ImHorr TANKS OF 
Decatur PLANT 


Per Cent Moisture of Per Cent Moisture at | Per Cent Reduction 
Fresh Sample End of Test in Volume 
Bed No. 
Tank 1 Tank 3 Tank 1 Tank 3 Tank 1 Tank 3 
Sludge Sludge Sludge Sludge Sludge Sludge 
Test No. 6 

TY ceeramebel vic ronanshensuel ratecer orien oor 92.21 90.54 72.9 67.0 71.4 63.2 
Pa hey AC ODE LR ONOHT Goh CMCC OMRON 92.21 90.54 60.9 68.9 (Pes 63.2 
Ee Oe. MORI eR RO Tera, Mer 92.21 90.54 68.0 68.3 68.5 63.2 
1 Sr Men One Rcd sence Meher Deen RCT 92.21 90.54 63.8 68.0 68.5 63.2 
Al ee CN caCORE te ROE Oe 92.21 90.54 69.1 68.3 68.5 60.5 
Gee eran pecans eavicianliche ja ioirrs 92.21 90.54 71.4 66.9 68.5 58.0 


These results are also represented graphically in Fig. 16. 


In the sixth series of tests, sludges from two different Imhoff tanks 
of the Decatur, Illinois, plant were used. These sludges were of the 
same general characteristics, except that the No. 1 tank sample prob- 
ably contained more of the gritty matter since it received the first 
flow of the fresh sewage. It was also necessary to resort to the use of 
a water jet to stir up the sludge slightly in this tank in order to get the 
sludge to flow from the tank. The sludge from Tank No. 3 flowed 
easily as soon as the valve was opened. The draining qualities of 
these two sludges are shown in Fig. 15. The sludge obtained at De- 
catur is quite different in characteristics from an ordinary domestic 
sewage sludge. This is due to the presence of a large amount of starch 
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wastes from the corn products plant of the city. The temperature 
of the incoming sewage is very high, the minimum temperature in 
winter being about 20 deg. C. and the maximum in summer being 
about 40 deg. C. The sewage mixture as received at the treatment 
plant is about five times as strong as a normal city sewage. A com- 
parison of the sludges on a basis of their moisture content at the end 
of the test for the various amounts of moisture added is given in 
Table 13. 

In the third and fourth series of tests the drying beds were located 
adjacent to an aeration tank of the diffused air type, and it is possible 
that the results of the tests on these four sludges were influenced by 
this fact. Asa result of a large number of relative humidity deter- 
minations it was found that the humidity at this location was on the 
average ten per cent greater than at the location of the beds for all of 
the other tests. The relative humidity at the latter location was 
found to be normal. 


32. Physical Observations.—From an observation of the sludges on 
the beds it was noticed that a dry surface crust was formed on the 
sludge which was not moistened, while the surface of the moistened 
sludges remained soft. This dry hard surface probably hindered the 
further drying of the sludge below the surface. 

It was also noted that more numerous cracks were formed in the 
moistened sludges and that these formed very quickly upon the addi- 
tion of the first dose of water. The sludge cake in the case of the 
moistened sludges did not pull away from the sides of the boxes as 
readily as did the unmoistened sludges. These observations would 
show that some of the cohesiveness of the particles had been reduced 
by the action of the water. Illustrations of this condition are shown 
indy J sebeeni BIG 

In a few cases, especially in the moistening of the heavily dosed 
beds, it was found that the sludge rose to the top of the water when 
the bed was dosed, and floated until the excess water had drained 
away. When the sludge finally subsided on the bed it presented a 
very wrinkled and broken surface. This apparently aided in its dry- 
ing by changing the surface in contact with the air. 


33. Discussion of Results.—The results for the per cent moisture 
of the sludges at the end of Tests 1 and 2 for the various amounts of 
moisture added given in Table 9 and Fig. 16 show the sludges on 
the beds receiving the greatest dosage of water to have a final 
moisture content which is lower than that in the sludges on several of 
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(a) (b) 


Fic. 17. DIrreRENCES IN CRACKING AND PULLING FROM SIDES OF _Bep 
oF MoIsTtENED AND UNMOISTENED SLUDGES 


(a) Showing the Difference in the Cracking of the Sludge. Moistened sludges in the beds on 
the left. Unmoistened sludges in the beds on the right. 


(b) Showing the Difference in the Pulling from the Sides of the Beds. (1) Sludge receiving a 
dose of 14 in. of water. (2) Sludge receiving a dose of 46 in. of water. (3) Undosed sludge. 


the beds which were moistened to a lesser degree. The results for 
the shallow Imhoff tank sludge in Test No. 2 show this fact very 
strikingly. In this case the final moisture content of the heavily 
dosed sludge was even less than that of the undosed sample. 

The results for the very well digested Imhoff tank sludge in Test 
No. 3, given in Table 10 and Fig. 16, show a very much lower final 
moisture content for the dosed sludges than for the undosed sludge. 
The moisture content of the dosed sludges did not vary more than one 
per cent. The moderately well digested sludge from the secondary 
sludge digestion tank in this same test shows exactly opposite results. 
This condition is brought out more clearly by the results of the tests 
on poorly digested sludges. 

The results given in Table 11 and Fig. 16 for the sludges in Test 
No. 4, which consisted of a mixture of well digested and poorly di- 
gested sludges, as described on page 40, show a final moisture content 
of the sludges which is in accordance with the degree of moistening. 
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These results are again borne out by the final per cent moisture 
figures of the poorly digested sludge from Tank No. 5 of the Bloom- 
ington-Normal plant, the results of which are shown in Table 12 and 
Fig. 16. The well digested sludge from Tank No. 1 of the Blooming- 
ton plant showed much the same type of results as were obtained in 
Tests 1 and 2. 

The results given in Table 13 and Fig. 16 for the Decatur sludge 
are widely different. The sludge from Tank No. 3, which was con- 
sidered to be the most representative and well digested sludge of the 
plant, gave results agreeing in general with the results of Tests 1 and 
2. However, there is but a slight variation in the final moisture con- 
tent of the various samples of the sludge, the one receiving the great- 
est dosage of water having almost the same final moisture content as 
the one which was not dosed. The sludge from Tank No. 1 gave very 
different results for the various samples, the general characterisics 
of the results being widely different from those found for any of the 
other sludges tested. The reasons for the results obtained on this 
sample are unknown. 

In almost every case, the per cent reduction in volume of the 
sludges was greater for the heavily dosed sludges. 

The significant phenomenon in these tests is that the well digested 
sludges on the beds receiving the greatest dosage of water showed a 
final moisture content, in almost every case, lower than that on sev- 
eral of the beds which were moistened to a lesser degree. This is 
contrary to the results which might be expected since it seems im- 
probable that a sludge which is moistened to a great extent should 
dry more quickly than a sludge which is moistened slightly. The fact 
that there was a correspondingly greater reduction in the volume of 
the sludge on the beds receiving the greatest dosage of water leads to 
the belief that this reduction in moisture content and volume was due 
either to the breaking up of the sludge during moistening, or to the 
compacting effect of the water. The latter explanation seems to be 
more reasonable from the analysis in the following paragraph. 


34, Analysis of Phenomenon of Drying Under Varying Moisture 
Conditions.—In Fig. 18a it is assumed that there is a group of sludge 
particles of the original sample which form a large void marked V. 
In the case of the drying of the sludge without the addition of mois- 
ture, the reduction in volume of the sludge is due to the shrinking of 
each of these individual particles (A, B, C, D, etc.), the volume of the 
void changing a corresponding amount, but still being large in com- 
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Fic. 18. Propaste Compactina Action or SLupGE PARTICLES 
Due to AppiTion or Moisture 
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parison with the size of the particles (see Fig. 18b). In the case of the 
heavily moistened sample the sludge particles are not given much 
opportunity to dry out, but are caused to slide over one another and 
assume a new position as in Fig. 18c, the result being the lessening of 
the size of the void and a reduction in the amount of moisture that 
the group of particles could hold because of the smaller void volume. 

In the case of the sludge which is not so heavily moistened, the 
sludge particles are kept moistened sufficiently to prevent their drying 
and shrinking in volume, but the moistening is insufficient to cause 
the sliding of the particles. This results in a group of particles satu- 
rated with moisture, containing a large void filled with water. 

Due to the fluffy condition of the sludge and the ready liberation 
of gases from the mass, it is quite certain that a large number of voids 
are present in the sample of sludge. These voids may also be com- 
paratively large in size due to the fact that the sludge particles are of 
a colloidal nature and do not compact readily. Because of this con- 
dition of the sludge it is reasonable to believe that the foregoing hy- 
pothesis explains to some extent the unexpected result that well 
digested sludges receiving the greatest dosage of water showed a final 
moisture content lower than sludges moistened to a lesser degree. 


35. Conclusions.—From the results of these tests it is concluded 
that the effect of the addition of moisture to well digested sludge, as 
in the case of rain, is not detrimental to the drying of the sludge. It 
would appear to be ineffective to use covers on sludge drying beds for 
this reason alone. The lack of proper ventilation in covered sludge 
drying beds would act as a great handicap to the drying of sludges. 
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IV. Tus Errect or FREnzING ON DRYING OF SLUDGE 


36. Object of Tests.—The object of these tests was to show the 
effect of freezing on the drying of sludges and to study the possibility 
of drying of activated sludge on sand beds during winter weather. 


37. The Tests.—Samples of fairly well digested sludge from a sep- 
arate sludge digestion tank were placed on the two sets of indoor 
drying beds according to the procedure described on page 36. It was 
planned to carry out the test on the effect of the addition of moisture 
to sludge upon its rate of drying as described in the first part of this 
chapter. However, within 24 hours after the first dosage of water, 
the weather turned cold and the sludges froze completely. The reg- 
ular dosing procedure was continued until one set of sludges had 
received two doses of water and the other four doses. Each dose of 
water froze on the beds, forming a layer of ice over the sludges, which 
in the case of the heavily dosed beds reached a thickness of from 2 to 
4 inches. 

The sludges remained frozen for a period of about five weeks be- 
fore the weather had changed sufficiently to produce any thawing in 
the vicinity of the beds. 

During this five-week period the ice on the surface of the beds 
slowly disappeared without any noticeable thawing taking place, and 
after about four weeks the sludges on each bed presented a soft cotton- 
like surface. 

During the period of thawing the sludges at all times presented a 
surface which was quite dry to the touch, and the only evidence of 
thawing taking place was shown by the lessening of the thickness of 
the frozen sludge layer on the sand. 

Within five days after the first noticeable thawing had taken place 
the sludges were found to be soft throughout their entire depth, and 
presented an unusual appearance on the beds. In all cases the sludge 
was but slightly pulled from the sides of the bed and the surface was 
entirely free from large cracks. Upon closer examination the surface 
seemed to be covered with very minute cracks and the entire sludge 
cake had a close-grained spongy structure. 

The difference in the structure of the sludges which had been 
frozen is shown in Fig. 19. Samples 1, 3, and 5 are portions of the 
dried sludges which had been frozen while on the beds, while samples 
2 and 4 are portions of sludges which were dried under usual drying 
bed conditions in warmer weather. 

The view of samples 2 and 3 shown in Fig. 19 shows the differ- 
ence in the sludges very clearly. The sludge which dried under freez- 
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Fic. 19. Errsect or Freezing oN DryING oF SLUDGES AND CHARACTER- 
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ing conditions is finer grained, and does not have any large cracks. 

Samples 4 and 5 of Fig. 19 show the difference in the breaking of 
the two sludges. The sludge which was frozen during drying is easily 
pulverized to resemble a light dry soil, while the other sludge breaks 
in large lumps. 

Table 14 gives a summary of the moisture content of the sludges 
on the twelve different beds at the end of the test and the per cent 
reduction in the volume in each case. 

Referring to the results of previous drying tests as shown in 
Table 9, it will be noted that the moisture content of the sludges 
which were frozen during drying was on the average about 20 per cent 
less than that obtained for samples dried in the usual way without 
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TABLE 14 


Per Cent Moisture AND REDUCTION IN VOLUME oF SLUDGES DrrED UNDER 
FREEZING CONDITIONS 


Beds Receiving 2 Doses of Water Beds Receiving 4 Doses of Water 
Per Cent Moisture Per Cent Moisture 
Rene Per Cent Per Cent 
Reduction Reduction 
Start of End of |in Volume]! Start of End of |in Volume 
est Test Test Test 
Pe that chioea cies Oe mmc 89.88 1.9 63.2 89.88 Som 55.2 
Die ren eres tchaters ere susimianstene 89.88 52.8 63.2 89.88 54.2 62.7 
Sue aes OPE IDI ONTO Acree nach is 89.88 52.6 57.9 89.88 54.2 57.9 
Saree afer: tarietan skevar eter sietaveneate 89.88 51.6 63.2 89.88 53.8 57.9 
Deere oe crcrers tevenasonets Crone 89.88 52.3 57.9 89.88 52.2 57.9 
Gi Arpctalcoeal lave aes ots utrersteiane 89.88 8 57.9 89.88 52.6 60.4 


freezing. The per cent reduction in volume, however, was less for the 
unfrozen samples, as would be expected from the appearance and 
structure of the two types of dried sludges. Volume for volume the 
weight of the frozen samples was on the average about one-half of the 
weight of the unfrozen samples. 

It would be logical to suppose that the effect of the freezing of 
winter rains and snows on the surface of the sludge might have a 
pronounced effect upon the final moisture content of the sludge cake 
after thawing. The dosing of the sludges with different amounts of 
water which became frozen and formed an ice layer on the beds, 
might simulate the effect of winter rains and snows. It is to be noted 
in the final results shown in Table 14 that there is but little difference 
in the per cent moisture of all of the sludges even though the amounts 
of water added were markedly different. 


38. Comparison of Drainability of Frozen and Unfrozen Sludge.— 
In order to check the results obtained on the indoor drying beds, a 
test was made using the sludge drainability apparatus described on 
page 21. 

A sample of poorly digested sludge was taken arfd a little over a 
liter of it was placed in a water-tight pan and frozen for nine days in 
the freezing chamber of an electric refrigerator. A like sample was 
stored in the laboratory for this same length of time. The frozen 
sludge was allowed to thaw out and a drainability test was run on each 
of the two samples. 

The sample which had been frozen drained very rapidly while the 
other was very slow in starting to drain. The difference in the rate of 
the draining of the two samples is clearly shown in Fig. 20. 
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The sludge which had been frozen drained so rapidly that within 
one-half minute after pouring the sludges on the sand, less than 50 
per cent of the original water content remained in the sludge, while 
in the case of the unfrozen sample the lowest moisture content reached 
was 58.4 per cent after a period of 28 hours of draining. 

The original moisture content of the two samples was found to be 
identical, showing that the sludge was not affected by the freezing. 
After 28 hours, when the samples had ceased to drain, the moisture 
content of the frozen sample was found to be 73.5 per cent and that of 
the unfrozen sample to be 84.1 per cent. The amount of the original 
moisture remaining in the frozen sample after draining was 30.7 per 
cent as against 58.4 per cent in the case of the unfrozen sample. 

Quite a difference was evident in the structure of the frozen sludge 
after thawing. The moisture seemed to have completely separated 
from the sludge particles so that the sludge would not mix into a paste 
as it did in the original unfrozen form. After draining, the frozen 
sludge showed the characteristics of a fine filtrate on the sand filter, 
while the unfrozen sludge was thick and paste-like. 

The drainability test was repeated, using a thick semi-activated 
sludge from the mechanical aeration plant of the Sheffield type in 
operation at the experimental plant. One portion of the sludge was 
frozen for 48 hours in the freezing compartment, while a second por- 
tion was stored at a temperature above freezing in the refrigerator. 
After the frozen sample had thawed it was found that a large amount 
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Fig. 21. Errecr of Freezina on DrainineG or ACTIVATED SLUDGE 


of water had separated from the sludge particles, while the unfrozen 
portion did not show any such separation. 

The difference in the rate of draining of the two samples is shown 
in Fig. 21. 

The sludge which had been frozen drained very rapidly, and with- 
in one-half minute after pouring on the sand less than 75 per cent of 
the original moisture content remained in the sludge, while in the case 
of the unfrozen sample this moisture content was not reached until 
after twenty minutes of draining. 


39. Microscopic Appearance.—A microscopic examination of the 
Imhoff tank sludge after thawing showed a great difference in the 
structure of the sludge caused by freezing. The sludge particles 
were clumped together, with widely separated groups similar to the 
results of an agglutination reaction. The original sludges showed a 
fairly complete dispersion of the particles throughout the field. Fig- 
ure 22 shows photomicrographs of these two conditions of the same 
sludge sample. Sample (a) is of sludge from Decatur, Illinois, while 
sample (b) is from Bloomington, Illinois, showing that the same effect 
is produced by freezing sludges of widely different characteristics. 
The characteristics of these two sludges are described in Chapter III, 
pages 41 and 42. 

From these microscopic examinations it is apparent that the effect 
of freezing has been to overcome the attraction of the colloidal 
particles for water, and to permit this water to drain rapidly upon 
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Fic. 23. CoMPpariIsoN oF SEPARATION OF WATER FROM SLUDGES 
BEFORE AND AFTER FREEZING 


The tube on the left for each sludge contains that portion of the sample which had not 
been frozen. The tube on the right contains the portion of the sample which had been frozen. 


thawing. This observation is borne out by the results of settling 
tests for frozen and unfrozen sludge. 


40. Comparison of Separation of Water from Frozen and Unfrozen 
Sludge.—Samples of different sludges were frozen for 24 hours in the 
freezing compartment of a refrigerator and then allowed to thaw out. 
The samples were well shaken, and then equal amounts of both the 
frozen and unfrozen sludges were allowed to settle for two hours. 
The amount of water separating from the frozen sludges was from 3 to 
10 times the amount separating from the original sludge. 

These results are very clearly shown in Fig. 23. Tubes 1, 3, and 5 
contain the original unfrozen samples of Bloomington, Decatur, and 
Experimental Plant sludges, respectively, while tubes 2, 4, and 6 con- 
tain the corresponding samples which had been frozen. In the case 
of the semi-activated sludge samples, not shown in the figure, the 
liquor from the unfrozen sludge separated to the extent of about 10 
per cent of its volume, while the liquor of the frozen sample separated 
to about 50 per cent of its volume. 
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41. Conclusions.—From the observation made it is quite evident 
that freezing alters the draining qualities of sludge and allows the 
entrained water to separate very quickly during thawing, giving much 
lower final moisture content in the sludge cake than is obtained with- 
out freezing during drying. The final sludge cake has characteristics 
well suited for its removal from the bed. The sludge has a dry spongy 
appearance, little cohesion, is easily pulverized, has no odor, and 
separates easily from the sand on the bed. 

In many plants it has been the practice to omit the regular draw- 
ing of sludge from digestion tanks during the winter months because 
itis generally supposed that the freezing of the sludge prevents 
proper drying. These tests show that it is not only feasible, but 
advantageous to draw sludge onto the drying beds in cold weather. 

It would also be feasible to remove the sludge from the beds in 
cold weather while it is in a frozen or semi-frozen condition to make 
room for further drawing of sludges. It may be easily transported 
while in this condition and allowed to thaw out and disintegrate at 
the point of final disposition. 

The results of the investigation on the effect of freezing on the 
drying of sludges have been borne out by a recent experience at 
Bloomington, Illinois. Incompletely digested sludge was drawn onto 
a drying bed on about the Ist of November. It dried but slowly, and 
was in a very unsatisfactory condition after about 6 weeks. After 
this period on the bed it froze and remained frozen for about 4 weeks. 
Upon thawing it gave all indications of being a very well digested 
sludge, and could be removed from the bed, while before freezing it 
was in a condition in which it would not have been feasible to remove 
it. 

The fact that activated sludge is similarly affected by freezing is 
significant in that it has been found impracticable to dry activated 
sludge on sand beds. These tests show that it would be feasible to 
dry this type of sludge on outdoor beds during freezing weather and 
thus obtain a sludge which might be easily removed from the beds. 


V. SEDIMENTATION OF SETTLEABLE MATTER IN SEWAGE 


42. Object of Tesis.—The object of this series of investigations was 
to derive an expression for the relation between the factors affecting 
sedimentation and the per cent removal of suspended particles in 
sewage. 
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43. Plan of Tests.—It was intended to study the following 
variables: 


(1) Detention period (4) Specific gravity 
(2) Depth of flow (5) Temperature 
(3) Size of particles (6) Electrical effects 


After the experimental work was begun it was found that con- 
centration of the particles in the liquid was an additional variable 
which became of prime importance, and had to be studied. 

The experimental work was carried on in three separate, but inter- 
connected, investigations which have led to the findings reported 
herein. The first series of investigations was started in the fall of 
1925 by L. V. Carpenter, who made a theoretical analysis of the prob- 
lem based upon experimental data using coal and sand as a sediment. 

The following year the work was carried on by C. V. Erickson in 
connection with a specially arranged Imhoff tank and the study was 
based upon the suspended particles of ordinary sewage. 

In the latest investigations carried on by H. E. Schlenz, the Imhoff 
tank was changed slightly and a provision made for the dosing of 
fresh sludge into the raw sewage to increase the concentration of sus- 
pended solids. 


A. First Investigation Using Coal and Sand as Sediment 


44. Description of Apparatus.—The sedimentation tank used in 
the first investigation consisted of a rectangular wooden box 2814 in. 
wide, 3 ft. deep, and 10 ft. long. This was divided longitudinally into 
three compartments, 1, 2, and 3 ft. deep, respectively. The width of 
each compartment was 9 in. A distributing box 12 in. deep was built 
at the inlet end, and on the outlet end three orifice boxes, each 9 in. 
long and 12 in. deep, were constructed. The tank was so made that, 
by adjusting a baffle at the end of each channel, any number of the 
channels could be used at one time. Details of the sedimentation 
basin are given in Fig. 24. 

A sheet iron tank 45 in. in diameter and 4 ft. high was used as a 
storage tank for the solutions, and was connected by a pipe to the 
distributing box of the sedimentation tank. A tub was placed be- 
neath the orifice boxes at the effluent end of the sedimentation tank. 
A centrifugal pump was connected with this tub and returned the 
liquor to the solution tank. This arrangement returned the solution 
to the tank at the same rate as it left it, and thus maintained a con- 
stant head on the discharge pipe from the tank. The general arrange- 
ment is shown in Fig. 24. 
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Fig. 24. Derraits of SEDIMENTATION TANK AND ARRANGEMENT OF 
APPARATUS USED IN First INVESTIGATION ON SEDIMENTATION 


45. Method of Making a Run.—A definitely measured quantity of 
sediment was mixed with water and placed in the tub. Tap water 
was turned into the tub and the pump was started. Quantities of the 
sediment mixture were placed in the tub at regular intervals, and this 
mixture was pumped into the storage tank until it was filled to the 
proper level. 

The valve to the sedimentation tank was then opened, and the 
rate of flow determined. Small quantities of the sediment were placed 
in the tub at approximately ten-minute intervals to make up losses by 
subsidence in the sedimentation chamber. Every ten minutes a 
100 c.c. sample of the influent was taken and placed in a 2% liter 
bottle. After the period of detention had passed, samples of the efflu- 
ent were caught at ten-minute intervals from the pipes leading from 
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the orifice boxes. The temperature of the water in each sedimenta- 
tion chamber was recorded. 


46. Analysis of Samples.—Determinations of the turbidity, 
settling solids, Gooch solids, and residue on evaporation were made on 
all samples. ‘Standard Methods of Water Analysis, 1925” of the 
American Public Health Association were followed for all of the 
analyses except the settling solids. The settling solids in this first 
series of investigations were determined by allowing one liter of the 
sample to stand for one hour in an Imhoff settling cone. A Jackson 
candle turbidimeter was used for determining the turbidity. 


47. Description of Sediment.—In this investigation sand and coal 
were used as sediment. The former was a silica sand passing a 100- 
mesh sieve. The coal was what is known locally as ‘Danville coal.” 
The coal was placed in a ball mill and thoroughly pulverized. The 
specific gravity determinations were made with a standardized Le 
Chatelier apparatus, following the procedure as outlined by the speci- 
fications of the American Society for Testing Materials (1917). 
Three determinations were made for each, and the mean of these 
three determinations was taken as the specific gravity. The specific 
gravity for the coal was found to be 1.29, and for the sand, 2.68. 


48. Determination of Solubility of Samples.—The solubility of the 
sand and coal samples was determined by mixing each with water and 
then allowing them to stand quiescent for twenty-four hours. Resi- 
due determinations on the supernatant liquor of each showed, on the 
basis of the residue of the original water, that the sand was soluble to 
the extent of about 9 parts per million and the coal to about 13 parts 
per million. These amounts were considered negligible, and for the - 
purpose of this test the materials were considered insoluble. 


49. Tests on Diffusion.—A series of tests was made to determine 
how much diffusion would take place in a sedimentation basin. 
Based upon tests at both constant and changing temperatures using 
fluorescein, copper sulphate, and potassium permanganate in addition 
to coal and sand it was found that diffusion under constant temper- 
ature is practically zero but that under slight changes of temperature 
it becomes quite rapid. The mixing due to the changes in tempera- 
ture is due to currents being set up, and not to diffusion in the true 
sense of the word. From the results of these tests it was assumed 
that: 
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Fig. 25. Curves SHowING RELATION BETWEEN PER CENT REDUCTION OF Sus- 
PENDED SOLIDS AND CONCENTRATION USING SAND AS A SEDIMENT 


(1) The effect of diffusion is negligible 
(2) When the temperature variation is less than a degree dur- 


ing any one test the effect of convection currents is neg- 
ligible. 


50. Volumetric Displacement.—It was desired to determine if a 
complete volumetric displacement of the sedimentation basin took 
place during the calculated detention period. The detention period 
calculated by dividing the quantity of water entering the basin by the 
volume of the basin gave a period of 48 minutes. Sand was intro- 
duced in the influent and the time was noted when the first trace of 
cloudiness due to sand appeared in the effluent. At the end of thirty- 
seven minutes a slight cloudiness was apparent beneath the surface 
but it did not seem to pass over the effluent weir. In forty-eight min- 
utes the effluent was distinctly cloudy. During operation the basin is 
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filled with a sediment-laden mixture, and it is questionable whether a 
cloud of the finer material would reach the effluent in so short a time 
as in this case, when the sediment mixture is introduced in clear water. 
These data and chloride tests reported on page 76 in connection with 
the flow through the Imhoff tank do not seem to warrant the making 
of any correction to the calculated detention period. 


51. Temperature Correction.—It was assumed that the rate of 
sedimentation varied inversely with the viscosity, and that the per 
cent reduction of suspended solids also varied inversely with the vis- 
cosity. These two assumptions have been borne out by the results of 
all of the tests made in all three investigations. 
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52. Typical Results of Tests.—The tests in this first investigation 
consisted of runs on about twenty-five different concentrations of 
sand and coal for each of the three depths of 12, 24, and 36 inches, 
respectively. 

Table 15 gives the results for a typical series of tests on a 24-in. 
depth, using sand as a sediment; these results are plotted in Fig. 25. 
Table 16 gives the results for the tests on a 36-in. depth, using coal as 
a sediment; these results are plotted in Fig. 26. 


53. Results of First Investigation.—From the data collected the 
following relationships between the per cent removal, R, the concen- 
tration of suspended particles in parts per million, C, and the specific 
gravity, G, were found to hold for the two materials tested: 


(i 70" 


when the depth is 3 feet, sand is used as sediment, and the de- 
tention period is one hour. 


Rise C — 250\%4 
= 5. . 


when the depth is 2 feet, sand is used as sediment, and the de- 
tention period is one hour. 


C — syn 


r= 5.6 ( G 


when the depth is 3 feet, coal is used as sediment, and the de- 
tention period is one hour. 
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when the depth is 2 feet, coal is used as sediment, and the de- 
tention period is one hour. 

These equations indicate that, when the concentration is 250 
parts per million, or less, when sand is used, or 400 parts per million, 
or less, when coal is used, the per cent reduction will be zero. This 
was found to be true within the limits of the tests. 

When the detention period was plotted against the per cent re- 
duction of suspended solids it was found that the per cent reduction 
increases directly with the detention period until some limit is 
reached, when the curve gradually becomes asymtotic to the horizon- 
tal axis. Sufficient data were not available to define the curve for any 


RESULTS OF TESTS ON SEWAGE TREATMENT 63 


particular depth over as wide a range as would be desirable, but the 
curves for different depths showed the same form except that the more 
shallow depth showed the larger per cent increase for the same de- 
tention period. 

With the data collected in the first investigation it was not pos- 
sible to derive a general expression which would give the per cent 
reduction of suspended solids in terms of the several variables. It 
was found that any expression that might be derived from the data 
available would be good only within narrow limits, and would be of 
no practical value. 

The effect of specific gravity was not brought out so well as had 
been hoped. Data collected indicated that the effect of concentration 
was more marked the less dense the sediment. The results show 
rather conclusively that the effect of specific gravity on the per cent 
reduction is not a direct relation as expressed by Schone’s and Hazen’s 
formulas and by Stoke’s law. 


B. Investigations on Sedimentation in Flowing-through Chamber of an 
Imhoff Tank 

54. General Considerations.—The sedimentation of suspended 
matter in sewage is susceptible to much less accurate mathematical 
analysis than that of substances such as sand and coal, for the reason 
that the particles of suspended matter are constantly changing in 
shape and hydraulic value as a result of the bacteriological changes 
which are continually taking place. The ebullition of gas is another 
factor which may exert a material influence upon the process. It is 
also known that a considerable fraction of the suspended matter in 
sewage is in a very fine (colloidal) division and cannot be removed by 
sedimentation. In view of the impossibility of controlling or correct- 
ing for these factors, it was deemed necessary to conduct tests using 
actual suspended matter in sewage so that these factors would be 
taken into account. 


C. Second Investigation on Sedimentation 


55. Object of Tests.—The purpose of the tests in the second inves- 
tigation was to study the variables in connection with sedimentation, 
using actual suspended matter in sewage. This second investigation 
on sedimentation was first carried out in connection with the tests on 
Tanks A and B described in Chapter II, but the results were very 
erratic. The belief that data on sedimentation should be secured 
independently of the investigations in progress on sludge digestion led 
to the construction of a third Imhoff tank, designated as Tank C. 
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In the operation of this tank it was possible to remove the sludge 
daily, and thereby eliminate the possibility of the transfer of sludge 
particles from the sludge digestion chamber to the sedimentation 
basin. 


56. Description of Apparatus.—The Imhoff tank, Tank C, used in 
this series of tests on sedimentation is described on page 19 and shown 
in Fig. 8. Sewage was pumped from the main pump sump to an in- 
fluent control device, shown in detail in Fig. 27, which was placed 
above the tank for the purpose of regulating the amount of sewage 
delivered to the sedimentation basin to obtain any desired detention 
period. This was accomplished by varying the size of the orifice and 
changing the head on the orifice by varying the length of the overflow 
pipe. 

The rate of flow through the tank was determined by means of a 
200-gallon measuring tank. 
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57. Description of Typical Run.—The rate of flow necessary to se- 
cure the proper detention period desired for any single run was cal- 
culated, and the influent control apparatus adjusted to give this flow, 
as determined by test measurements. 

In order to illustrate the method of sampling, a detention period 
of one hour will be assumed. Every 10 minutes a 350 c.c. sample of 
the influent should be taken at the outlet from the influent control 
device. After the period of detention has passed samples of the efflu- 
ent should be taken at periods of 10 minutes, a 350 c.c. sample being 
collected each time. The composite sample made of these seven 
samples will aggregate 2450 c.c. Temperature readings of the influ- 
ent, effluent, and the center of the sedimentation basin should be 
taken every hour. 

When shorter detention periods were used, the time interval be- 
tween individual samples, and between temperature readings, was 
decreased. For longer detentions the time intervals were increased. 

The tank was operated continuously between runs so as to main- 
tain favorable conditions in the tank at all times. The walls of the 
sedimentation basin, the slot, and the triangular beam were cleaned 
frequently between runs. Floating material in the gas vents was 
skimmed off frequently and sludge was drawn off daily in order to 
avoid the introduction of factors which might affect sedimentation. 


58. Discussion of Analytical Determinations Used and Revisions 
Made.—At the beginning of this investigation determinations on 
both the influent and effluent samples were made of Gooch solids, 
residue on evaporation, turbidity, and settleable solids by the Imhoff 
cone method. The efficiency of the sedimentation of the tests made 
on the one-foot depth was measured by the per cent reduction in 
Gooch solids. The erratic results obtained, combined with the opin- 
ions arrived at in a search of the available literature on the subject led 
to the decision to discard the Gooch-solids determination, and to sub- 

-stitute for it a new test. Itis unsatisfactory to judge the efficiency of 
a sedimentation tank by the per cent reduction in suspended matter, 
because the analyses involve filtration of the sample. The compari- 
son of settling basins should be made on the basis of the removal of 
settling suspended solids, i.e., the portion of the total solids in sus- 
pension which will settle when allowed to stand quiescent in a meas- 
uring glass for two hours. 

Another disadvantage of the Gooch crucible method was the diffi- 
culty experienced in filtering the samples, even though care was taken 
to avoid having too thick a mat. In some cases a sewage showing a 
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Gooch solid content of about 150 parts per million required as much 
as six to eight hours to pass through a Gooch crucible. Since the 
difficulty of passing sewage through the crucible makes it necessary to 
use a small sample of from 20 c.c. to 50 ¢.c. in order to perform the 
determination within a reasonable period of time, it is believed that 
such a test can hardly be regarded as representative. The test de- 
vised to measure the efficiency of sedimentation in these tests is des- 
eribed in the following paragraphs. 


59. Settling Solids Determination.—A liter of the sample is placed 
in a glass tube about 134 in. in diameter and about 3 ft. long, set in a 
vertical position and fitted with a rubber stopper at the lower end. 
Quiescent settling for a period of two hours is followed by the siphon- 
ing of the supernatant liquor down to a residual volume of about 
50 c.c. of liquor and settled solids. It has been found advantageous to 
stir the contents of the tube with a glass rod after about one hour or 
less of settling to remove any solids adhering to the sides of the cylin- 
der. The stirring should not be so vigorous as to disturb any of the 
liquid in the lower 50 ¢.c. zone. After siphoning, the residual liquor 
and solids are transferred to an evaporating dish by removing the 
stopper or by pouring out of the open end. After measuring the 
volume of this liquor accurately by means of a small cylinder grad- 
uated in cubic centimeters it is returned to the evaporating dish. The 
measuring cylinder is then rinsed with not more than 50 c.c. of dis- 
tilled water, and this is poured into the settling tube and then added 
to the liquor in the evaporating dish, in order to avoid losing solids 
adhering to the measuring cylinder and settling tube. The liquor is 
then evaporated on the steam bath, heated to dryness, and the residue 
weighed. The weight multiplied by 1000 gives this residue in parts 
per million. A correction must, however, be applied to this result, 
because of the dissolved solids and non-settling solids contained in the 
residual volume of this sample. 

This correction necessitates the use of the residue-on-evaporation 
determination which is made on a 100 c¢.c. portion of the original 
sample in accordance with ‘Standard Methods” of the American 
Public Health Association, 1925. 

In order to find the true amount of settling solids in the original 
sample, a correction equation is used. This equation is derived as 
follows: 

Let X = weight of settling solids in 1 liter of the original sample. 
Y = weight of non-settling solids plus dissolved solids in 1 liter 
of the original sample. 
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R = weight of the total residue in 1 liter of the original sample. 
(Note:—This is equal to 10 times the weight of the residue 
on evaporation as determined on a 100 c.c. sample, as des- 
cribed in the foregoing paragraph.) 

w = weight of the residue in the residual volume of solids and 
liquor determined on a 1 liter sample, as described. 


v = volume in ¢.c. of the residual volume of solids and liquor 
remaining after siphoning. (Measured to be 50 c.c. gen- 
erally) 

Th ay 
ae ee EAC 

But Y=R-X 
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Taking v as 50 c.c. in the general procedure, we get: 


w — 0.05 Rk 
0.95 


.—— 


Instead of substituting for w and F the actual weights, the results 
in parts per million, determined as described in the foregoing para- 
graphs may be substituted. 


60. Summary of Results.—The tests on the one-foot depth of flow 
were conducted before the adoption of the settling-solids test so these 
results could not be correlated with those obtained with other depths. 

The tests completed covered various concentrations for 2-, 4-, and 
6-ft. depths with different detention periods in each case. Results for 
a typical series of runs are shown in Table 17 and Fig. 28, being for a 
4-ft. depth and 1.15-hour detention period. 
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TABLE 17 
Summary oF DaTA ON SEDIMENTATION 


Depth of Flow—4 Feet 
(Second Investigation) 


Residue on 
Settling Solids, P.P.M. Evaporation, 
P.P.M. 
Average 
Deten- | Temper- 
ion ature 
Date, 1927 pecans oe Per Cent 
in Sedim. PerC eee 
Hours | Basin er Cent) _ tion 
deg. C, | Influent | Effluent Reduc- | Correct-| Influent | Effluent 
Fs tion ed to 
10 deg. 
Cc. 
Ce ines, CI PPAR NO Oe OO 1.15 14.5 440 60 86.4 76.2 1270 890 
AVS cP sretatarersyareetelloreneinie 1.15 14.9 186 31.5 83.0 72.8 1150 850 
SLA rercticnis store eters svete 1.15 14.9 118 40.7 65.5 57.2 1020 873 
BHL0 ets wren ecaiern see alls 14.6 102 Sond 67.0 59.0 1369 1025 
mol Da aremetsnevaksta wists. provoke lio; 15.7 99 23.2 76.6 65.6 1195 942 
1 ME Sith ia Go GOOD 1.15 13.5 86 22.9 73.4 66.5 1021 892 
al I APAOICMEOR Ne O CNEL CHEESE 1.15 15.3 63.2 22.4 64.6 56.3 831 780 
Se Tiere eversyacuaharecerepeteus eis 1.15 14.5 62.0 28.3 54.3 47.9 856 807 
Bol ins orsrecsiatecseetelersivea ae Wat5 15.7 49.2 14.7 70.0 60.0 954 797 
pian PAR Dac Seo Ueltlon 1.15 14.5 49.1 24.1 50.9 44.9 1119 990 
Sora ie etanecens tate? natal morete 1.5 12.2 36.8 9.9 73.0 68.5 912 814 
Bere rane, ih ororee hienern wai Wass 12.4 33.8 9.6 W135 66.9 725 718 
SHO esas, Hel eiersievain sisters TALS 12.6 28.9 14.6 49.5 45.3 873 813 
S529 even svataloieveasels wiekelele Vale 13.9 28.9 14.4 50.2 45.1 883 844 
SH 22 Vive A ostheteieesetaveve aie Pals, 12.6 26.6 8.7 67.3 61.5 881 831 
Me E evar avenstate 2 aia Rave 1.15 12.4 26.4 10.0 62.0 58.0 732 721 
eee, ike paaststo a craiteves 1a ls) 12.6 25.6 11.5 55.0 50.2 730 721 
AG Mssekey ata scravcrevesanctens ats slo 14.5 24.0 4.2 82.5 (C20 870 878 
ar Pe Re TOES ELS 13.0 21.5 14.4 33.0 30.4 857 844 
SHO Aoiotere toca csusrnvesyace 0.87 16.5 87.3 34.1 61.0 51.0 1330 957 


The results for the very low concentrations were found to be quite 
erratic and did not lie on a smooth curve. 


61. Conclusions.—A slight superiority of the 4-ft. depth of flow 
over the 6-ft. depth of flow was shown, but itis realized that the data 
are not really adequate to permit any proper comparison between the 
two. : 

In addition, the slope of the curve for the 4-ft. depth was found 
to be greater than that for the 6-ft. depth, indicating the possi- 
bility that the effect of concentration on the per cent removal of 
settling solids is greater in shallower sedimentation basins than in 
deeper ones. This was found to hold true in later tests. 

It was found that with low concentrations of suspended matter in 
sewage the results were quite erratic, due to the predominance of 
factors which could not be controlled. With the higher concentra- 
tions these factors did not exert such a great influence on the final 
results. Since, in this second investigation, most of the results were 
obtained for concentrations below 150 parts per million, it was con- 
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cluded that it would be impracticable to attempt to derive an expres- 
sion for the relation between the various factors studied. 


D. Third Investigation on Sedimentation 


62. General Considerations.«-It was shown conclusively by the 
second series of investigations that in order to arrive at any definite 
conclusions in regard to the relation between the various factors af- 
fecting the sedimentation of suspended matter in sewage, it would be 
necessary to work with higher concentrations of settling solids in the 
sewage than those which were obtained with the ordinary Champaign 
sewage, the average concentration of which was below 150 parts per 
million. It was also deemed necessary to obtain data on a very much 
wider range of concentrations than had been obtained in previous 
tests. The practicability of working with moderately high concentra- 
tions is not only brought out through a consideration of the lessening 
of the error introduced in the results by uncontrollable factors, but 
also by the use to which any relationship might be put in actual prac- 
tice. In designing the sedimentation basin of an Imhoff tank the 
maximum conditions of flow, concentration, etc., which might be 
reasonably expected would be used. The resulting design would then 
be adequate for the lower flows and low concentrations. 


63. Object of Tests.—The object of this third series of investiga- 
tions was to attempt to complete the work begun by L. V. Carpenter 
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TABLE 18 


SUMMARY OF SEDIMENTATION Data For 4-F?. DeprH AND 27-Min. 
DETENTION PERIOD 


Residue on 
Settling Solids, P.P.M. Evaporation, 
A P.P.M. 
verage 
Temper- 
ature in 
Date, 1929 Sample No. | Sedimen- Per Cent 
tation Reduc- 
Basin, Per Cent] tion Cor- 
deg. C. Influent | Effluent | Reduc- | rected | Influent | Effluent 
tion to 10 
deg. C. 
me UAT 5 ex chavere rae 1-—CD-87 1534 1265.0 145.5 88.5 75.2 2282 1092 
2-CD-88 
LTA’, Drei octes 1-CD-85 15% 1250.0 139.2 89.0 75.5 2281 1101 
2-CD-86 
DoD eae cece 1-CD-121 1414 897.2 292.1 (Beat) 59.9 1392 1017 
2—-CD-122 
pal be Se eee ees 1-—CD-89 15% 705.2 241.2 65.9 56.0 1865 1098 
2-CD-90 
De ie a erenely 1-—CD-123 1434 426.3 172.5 59.5 52.3 1113 920 
2-CD-124 
a ES a Gees ee 1-CD-79 1414 314.0 83.1 seal 67.0 1929 1187 
2-CD-80 
= Oe cy dusted oe 1-CD-75 1434 290.0 129.5 55.4 48.3 1234 1124 
2-CD-76 
i ols I ee 1-CD-83 15 186.0 53.0 US 62.3 1134 969 
2-CD-84 
1 Sie crtoccne 1-CD-77 1548 164.1 58.3 64.4 65,1 1283 1111 
2-CD-78 ; 
110 eee oe 1-CD-73 1534 147.5 50.6 65.6 55.8 928 876 
2-CD-74 
LSO Oise eres 1-CD-71 1514 139.0 66.7 S20) 43.0 976 938 
2-CD-72 
DO) eats Sere seas 1-CD-67 144% 124.8 73.4 41.2 36,2 907 895 
2-CD-68 
A re rere atet os 1-CD-81 15% 79.8 45.6 42.8 36.6 901 894 
2-CD-82 
iLO} Prarie ters 1-CD-69 1434 70.4 34.0 aids 45.0 1277 1017 
2-CD-70 


and continued by C. V. Erickson, and to derive the relationship be- 
tween the various factors affecting sedimentation as applied to the 
flowing-through chamber of an Imhoff tank. 


64. Plan of Tests.—In order to obtain data on sedimentation for 
the higher concentrations the only feasible plan seemed to be to add 
suspended matter to the raw sewage at a constant rate to obtain the 
desired concentration. In order to obtain results on actual suspended 
matter in sewage it was decided to use very fresh sludge for the pur- 
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Tasle 19 


SumMMARY OF SEDIMENTATION Data ror 4-Fr. DEPTH AND 36-Min. 
DETENTION PERIOD 


, . Residue on 
Settling Solids, P.P.M. Evaporation, 
Average P.P.M. 
Temper- 
ature in 
Date, 1929 | Sample No. | Sedimen- Per Cent 
tation Per Cent} Reduc- 
Basin, Reduc- |tion Cor- 
deg. C. Influent | Effluent tion rected | Influent | Effluent 
to 10 
deg. C. 
MeN isi. 5 aratncke 1-CD-95 1644 1130.0 1318 88.1 74.4 2091 1138 
2-CD-96 ig 
BNcse sthessro-cras 1-CD-115 1314 956.1 263. 72.4 65.9 1539 1035 
2-CD-116 
Ea berate a fenaet: barre 1-CD-119 1446 887.0 248. 72.0 64.0 1406 1108 
2-CD-120 
POA eran CODERS 1-CD-117 14 670.3 201. 70.0 62.8 1603 964 
2-CD-118 
HS ee ceetstere cio 1-CD-103 1314 645.0 139. 78.3 WL 2 1493 1037 
2-CD-104 
I-16 See erate 1-CD-105 14 486.0 155. 68.1 62.0 1355 980 
2-CD-106 
169 Dev Soa in 1-CD-109 N53 472.0 142. 69.9 64.7 1528 1041 
2-CD-110 
1S cee eae 1-CD-101 1334 376.0 112 70.2 62.8 899 620 
2-CD-102 
Dimal $35 cyoxenansts- sys 1-CD-99 1334 362.0 101. 72.0 64.5 859 685 
2-CD-100 
EU Sires roierevce zs 1-—CD-97 15 362.0 113 68.5 59.6 1032 850 
2-CD-98 
eed Ojatsxccaneiaescatie 1-CD-107 15 sola 94 11S 62.7 L157 919 
2-CD-108 
GSE Saeneae 1-CD-111 1334 265.5 96 63.8 iste ais 1149 1006 
2-CD-112 
111 VA eae 1-CD-93 164% 176.0 86 50.8 42.5 1058 990 
2-CD-94 
Heel Gaienstan teres 1-CD-91 164% 170.0 aks yeu 48.4 1065 957 
2-CD-92 
NS lesrscetuicve crane 1-CD-113 1414 141.5 79. 44.6 39.6 977 944 
2-CD-114 


pose, and to attempt to obtain a range of concentration of settling 
solids of from 0 to about 1000 parts per million. Later tests referred 
to on page 80 showed that a strong sewage made in this manner gave 
the same results in sedimentation as a normally strong undosed 
sewage. 
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TABLE 20 


SuMMARY OF SEDIMENTATION Data ror 4-Fr. DrprH AND 45-MIN. 


DETENTION PERIOD 


Residue on 
Average Settling Solids, P.P.M. Ey ep Oa 
Temper- 
ature in 
Date, 1928 | Sample No. | Sedimen- 
tation Reduc- 
Basin, Per Cent)tion Cor- 
deg. C. Influent | Effluent | Reduc- | rected | Influent | Effluent 
tion to 10 
deg. C. 
PS borer’ 1-CD-63 1934 761.0 89. 87.4 68.4 1604 953 
2-CD-64 
1D) bh Tee ree, 1-CD-61 194% 734.0 182. TD.2 58.4 1689 1183 
2-CD-62 
12-135 waiseis 1-CD-65 1834 604.2 AS. 81.0 64.2 1513 1096 
2-CD-66 
1 Peay Aer PRO e 1-CD-57 1834 464.0 94. 79.7 63.1 1638 1014 
2-CD-58 
= 20ers 1-CD-43 1834 335.5 89. 73.4 58.1 1255 1188 
2-CD-44 
2D a atecovece 1-CD-49 19 302.0 98. 67.2 52.8 1084 859 
2-CD-50 
1 eae aocon 1-CD-41 1814 208.5 ELL. 46.3 37.0 1022 972 
2-CD-42 
DO Disc, oietersvene 1-CD-47 1834 164.0 93. 43.0 34.1 1054 963 
2-CD-48 
DLW, carer 1-CD-59 20 150.8 54. 63.7 49.0 1039 987 
2-CD-60 
Peli godoGO 1-CD-55 1834 141.0 81. 42.3 33.5 962 905 
2-CD-56 
8 Day hee cto Ons 1-CD-53 19 129.0 98. 23.7 18.6 944 921 
2-CD-54 
Oe e itecere 1-CD-51 19 107.0 63. 41.0 32.2 821 971 
2-CD-52 
IE Arado s 1-CD-45 19 97.0 78. 8.4 6.6 1552 1146 
2-CD-46 


65. Description of Apparatus.—The tank designated as Tank C, 
which is described on page 19, was used for these tests. A few minor 
changes were made in the influent and effluent weirs in order to im- 
prove the uniformity of the flow through the tank. 

The concentration of the sewage was increased by means of the 
sludge dosing apparatus shown in Fig. 29. Fresh sewage sludge not 
over twelve hours old was allowed to flow into the lower barrel a from 
which it was pumped to the orifice tank b, the desired head in this 
orifice being maintained by the overflow pipe c which leads to a second 
barrel d. The sludge from this barrel was allowed to return to the 
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DETENTION PERIOD 


TABLE 21 
SUMMARY OF SEDIMENTATION Data ror 4-Fr. Deprs AND 54-Min. 
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f : Residue on 
Settling Solids, P.P.M. Evaporation, 
Average P.P.M. 
‘Temper- 
ature in 
Date, 1928 | Sample No. | Sedimen- Per Cent 
oon Ph Cont Reduc- 
dia @ Influent | Effluent Reduc- on er Influent | Effluent 
tion to 10 
deg. C. 
LOS TS rene svetete 1-CD-13 1914 1125.0 72.2 93.7 72.8 1994 876 
2-CD-14 
1O=24 Se sce acs 1-CD-15 19 980.0 86.6 91.3 aakete 2084 1095 
2-CD-16 
10-24). 0.0.4. 1-CD-17 1914 972.0 72.0 92.3 72.4 2076 994 
2-CD-18 
LO=16 sy pstertess 1-CD-9 2146 766.0 85.2 89.7 (O¥/ 3! 1673 950 
2-CD-10 
29 rire stevens 1-CD-19 19 624.0 (083 88.1 69.4 1632 1044 
2-CD-20 
OH 29 areieroe:s 1-CD-21 19 525.0 59.3 87.0 68.4 1497 1033 
2-CD-22 
LO=81 o.6)0.0.50<10 1-CD-25 1834 520.0 76.4 85.0 67.3 1415 1192 
2-CD-26 
LO iF crsre ale-si 1-CD-33 1914 325.0 62.0 81.0 63.4 2044 1105 
2-CD-34 
OHS lira cre 1-CD-23 1844 234.3 51.9 78.0 62.3 1081 1062 
2-CD-24 
1D cS Rn Sarees 1-CD-27 1914 206.0 61.6 70.2 55.0 1297 1105 
2-CD-28 
TORO seovsisy'ei os are 1—-CD-5 21 173.0 54.6 68.4 51.4 1165 995 
2-CD-6 
HO =1G iam css 1-CD-7 22 172.5 (CALE 54.9 40.2 1036 953 
2-CD-8 
HO=18 xn ais .0% 1-CD-11 1944 164.0 104.0 36.6 28.7 1584 1013 
2-CD-12 
THON; acetae acara a 1-CD-31 1734 146.5 GORD 51.8 42.0 1033 956 
2-CD-32 
NO—O aries eo © 1-CD-3a 21 140.6 66.6 S255) 39.4 1119 966 
2-CD-4a 
HIG teense s 1-CD-29 194% 139.0 46.7 66.4 ‘ay Lozi 942 819 
2-CD-30 
NOHO eters teres 1-CD-3 75 Tas 66.6 43.2 32.5 1119 966 
2-CD-4 
10 a eee 1-CD-39 1614 39.6 29.4 28.2 23.6 742 802 
2-CD-40 
Do ao: acces 1-CD-35 1644 18.05 14.20 21.3 18.0 595 663 
2-CD-36 
1p 5 eee ea 1-—CD-37 1644 15.35 9.60 3la3 31.5 657 657 
2-CD-38 
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TABLE 22 


Summary OF SEDIMENTATION Dara ror 4-F'r. Dppra AnD 90-Mrn. 
DETENTION PERIOD 


Residue on 
Settling Solids, P.P.M. Evaporation, 
Average P.P.M. 
Temper- 
ature in 
Date, 1929 Sample No. | Sedimen- Per Cent 
tation Pay Cont rayne 
Pern Influent | Effluent | Reduc- pre Influent | Effluent 
BN: tion to 10 
deg. C. 
Dare nape serie ele 1-CD-129 1344 618.0 87.6 86.0 78.0 1507 1005 
2-CD-130 
DOE Sas, Dare ote 1-CD-135 1544 339.0 46.4 86.4 74.6 1214 944 
2-CD-136 
B= Tei arnicoworaere e 1-CD-139 1434 336.5 50.0 85.0 74.9 1332 998 
2-CD-140 
Za Sdoans aps eels 1-CD-143 14 317.0 50.2 84.2 Wono 1669 992 
2-CD-144 
DO cloceureaiiiane 1-CD-133 1414 271.6 58.5 77.8 69.1 1049 885 
2-CD-134 
Did ha hector es 1-CD-141 1534 198.5 32.6 83.5 71.6 1127 957 
2-CD-142 
ZO hae watever rave 1-CD-125 1344 188.5 35.1 81.4 74.1 990 881 
2-CD-126 
2 OM rae tees 1-CD-147 15 156.5 21:3 86.4 75.2 1021 899 
2-CD-148 
2-5 raraisratayecarere 1—CD-127 1444 126.1 38.5 69.4 62.1 1454 933 
2-CD-128 
OIG COROT 1-CD-137 1346 117.9 43.8 63.0 57.1 891 921 
2-CD-138 
Pt ORCI 1-CD-145 15 103.1 31.8 69.2 60.4 .] 1002 885 
2-CD-146 
Pid OTTO RIOT 1-CD-131 134% 81.2 43.6 46.3 42.0 978 895 
2-CD-132 


lower barrel a. The sludge from the orifice box was allowed to flow at 
any desired rate to the sewage orifice box shown in Fig. 27. By the 
time that the sewage and added sludge had passed through the ori- 
fices of this control device and entered the tank it was thoroughly 
mixed, resulting in a strong sewage. The two barrels, when filled at 
the beginning of a run, contain sufficient sludge to dose the sewage for 
a complete run of the maximum detention period used in the tests. 
The pump which circulated the sludge pumped about 20 gallons a 
minute, so a very complete stirring of the sludge was effected through- 
out the entire test. Occasionally during a run the sludge was stirred 
in the barrels to prevent the settling of grit particles in the system. 
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Fic. 29. GmNERAL ARRANGEMENT oF TANK C Stupce Dosina APPARATUS 


66. Method of Making a Run.—At least fifteen minutes before 
starting a run fairly thin fresh sludge was drawn from the bottom of 
tank C until the two barrels were filled. This was thoroughly mixed 
by circulating it through the system. The orifice of the sludge dosing 
tank was adjusted to give the proper amount of sludge dosage for the 
approximate concentration desired. The orifice of the main orifice 
box was so arranged as to give the proper flow for the detention period 
desired as described on page 64. 

Five minutes after the sludge was turned into the sewage the first 
sample was taken from the influent pipe by means of a special sam- 
pling pipe which emptied into the weir. Samples of 400 c.c. each were 
taken at 3-minute intervals until a composite sample of 3200 c.c. had 
been taken. After the period of detention had passed, samples of the 
effluent were taken in the same manner as the influent samples. The 
temperatures of the influent, effluent, and the center of the sedimenta- 
tion basin were taken at about half-hour intervals. 


67. Survey of Flow of the Tank.—In order to determine whether a 
complete volumetric displacement was taking place during the cal- 
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TABLE 23 


SumMMARY OF SEDIMENTATION Data ror 4-F'r. Depts AND 120-MIn. 
DETENTION PERIOD 


Residue on 
Settling Solids, P.P.M..- Evaporation, 
Average P.P.M. 
Temper- 
Sample No. ature in 
Date, 1929 Sedimen- Per Cent 
tation Per Cent] Reduc- % 
Basin, Influent | Effluent | Reduc- tion Influent | Effluent 
deg. C. tion at 10 
deg. C. 
Del Die eistiniess aye 1-CD-149 13 1196.0 35.8 97.3 90.1 2278 1009 
2-CD-150 
DUG ici ckawears 1-CD-165 1444 804.2 34.9 95.9 85.5 1873 1213 
2-CD-166 
Del Diet stevruyares 1-CD-151 1514 495.0 18.9 96.2 83.9 1567 977 
2-CD-152 
yi: Oe Re 1-CD-159 1544 361.0 16.5 95.5 83.1 1190 983 
2-CD-160 
OE Nee, Ores ean 1-CD-153 1334 228.5 27.6 88.0 79.5 1220 936 
2-CD-154 
QalOte ern 1-CD-161 1314 158.5 39.4 75.0 68.4 1107 893 
2-CD-162 
DNA ee rats ons 1-CD-157 1344 132.5 29.6 G10 70.5 "988 905 
2-CD-158 
QalBianety eave 1-CD-163 1544 113.5 20.9 81.6 71.2 1023 873 
2-CD-164 
DohG sine epieien 1-CD-155 16 96.2 Lona 83.8 Ff teak 842 922 
2-CD-156 
Dal Oisretovernters fore 1-CD-167 1534 64.3 24.6 61.9 b3nO 946 833 
2-CD-168 


culated detention period, and to determine the uniformity of the flow 
across the tank, a number of tests were made. The flowing-through 
chamber from the influent weir to the effluent weir was entirely free 
from baffles, except for a small baffle within an inch of the influent 
weir, for the purpose of producing a stilling effect on the flow. 

A number of tests were made using fluorescein, but difficulty was 
experienced in determining the exact time of the color change pro- 
duced in the effluent. 

A chloride test of the flow of the tank was made. About 1000 
grams of common salt were dissolved in about 3 gallons of water. 
This was poured into the influent weir box with the sewage which was 
being fed into the tank at a constant rate. At various intervals after 
the addition of the salt solution samples were taken from three differ- 
ent points of the effluent weir. These samples were taken by means of 
rubber tubing which acted as siphons and drew the sewage continu- 
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ously from the center and the two sides of the weir, respectively. 
A total of about 72 samples were taken, the time interval between 
each set of three samples being so arranged as to permit the taking a 
large number of samples in the proximity of the calculated detention 
period. 

Chloride determinations were run on each of these samples, which, 
when plotted, gave the results shown in Fig. 30. The fact that the 
curves for the three sections of the tank tested le so close together 
proves that a very even flow was being maintained across the tank. 

Taking the tank as a whole, the first noticeable increase in the 
chloride content of the effluent took place after about 12 minutes, and 
this increased slightly until about 25 minutes had elapsed. The 
chloride content then remained constant until about 50 minutes had 
passed, the maximum amount being present at about 55 minutes. 
After 60 minutes the chloride content dropped off rapidly, the maxi- 
mum chloride content extending over a period of only about 5 min- 
utes. If the point of inflection of the curve is taken as the logical 
point for determining the detention period, this point is found to be 
at 54 minutes, while the detention period as calculated by displace- 
ment for the given flow is 54.1 minutes. 
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TABLE 24 


SummMARY or SEDIMENTATION Data For 2-FT. DepTrH AnD 120-Min. 
DETENTION PERIOD 


Residue on 
Settling Solids, P.P.M. Evaporation, 
IN P.P.M. 
verage 
Temper- 
ature in 
Date, 1929 | Sample No. | Sedimen- Per Cent 
tation Pes Cont eget 
j 4 T- 
caer Influent | Effluent | Reduc- Be Influent | Effluent 
Sea tion to 10 
deg. C. 
Da S carats ce eee G 1-CB-185 12 884.8 20.6 97.6 9255 1643 864 
2-CB-186 
DeON orate svarasters 1-CB-177 12 725.0 W553 97.7 92.9 1699 830 
2-CB-178 
DeA ON ere seer 1-CB-171 1334 463.0 10.7 97.5 88.0 1402 978 
2-CB-172 
Oe PRO ADO 1-CB-183 1414 397.0 9.4 97.4 87.3 1311 899 
2-CB-184 
Dae sale Hees 1-CB-181 1234 241.0 12.6 94.8 87.8 1228 886 
2-CB-182 
Zee wels 5 ee arate 1-CB-173 1134 239.0 17.3 92.6 87.6 1212 943 
2-CB-174 
Oe OSE OOO 1-CB-187 1234 157.9 12.9 92.0 85.2 983 850 
2-CB-188 
VISAS erode Gre 1-CB-179 1414 102.5 8.8 91.4 81.4 890 878 
2-CB-180 
DELON pret tete ot 1-CB-169 114% 65.2 9.8 86.4 82.6 943 905 
2-CB-170 
DDO wee Neve 1-CB-175 14 47.3 8.3 82.3 74.0 964 902 
2-CB-176 


The slight increase in the chloride content within the first 25 min- 
utes apparently indicated that a slight surface flow of increased veloc- 
ity was taking place. 

A number of tests were made to determine the extent of this flow, 
and it was found to take place only in a very thin layer of about 3¥¢ 
of an inch on the surface of the tank. A very light particle which 
would float in this top layer was found to reach the effluent weir in 
about 15 to 20 minutes, while a hygrometer bulb extending about 14 
of an inch below the surface took about 30 minutes to reach the 
effluent weir. Objects which displaced still more liquid had a velocity 
nearly equal to that calculated for the detention period. 

The significance of these flow tests is that the detention period as 
calculated by displacement is sufficiently accurate for the investi- 
gations. The more rapid surface flow, being confined to such a thin 


RESULTS OF TESTS ON SEWAGE TREATMENT 79 


TABLE 25 


SUMMARY OF SEDIMENTATION Data For 6-Fr. Depra AND 120-Mw. 
DETENTION PERIOD 


. Residue on 
Settling Solids, P.P.M. Evaporation, 
P.P.M. 
Average 
Temper- 
Date, 1929 Sample No. | ature in 
Sedimen- : Per Cent 
Las Per Cent} Reduc- 
q are Influent | Effluent | Reduc- |tion Cor-} Influent | Effluent 
CE: tion rected 
to 10 
deg. C. 
DEY aaa 1-CF-187 WP) 1065.0 48.4 95.3 90.5 1913 831 
2-CF-188 
Saks erave eenaitess 1-CF-205 1344 628.0 49.5 92.0 84.5 1514 871 
2-CF-206 
Bmolie ew avasieoe ers 1-CF-199 1334 410.0 43.3 91.9 83.0 1264 846 
2-CF-200 
DO [td iteiante. atts 1-CF-193 1334 399.8 35.6 91.1 82.3 2609 933 
2-CF-194 
BaD nomenon 1-CF-203 1334 283.0 30.9 89.0 80.5 1160 923 
2-CF-204 
Soler raysic. eee svdcs 1-CF-201 1434 196.0 19.2 90.0 79.0 1050 896 
2-CF-202 
DDS eiaicaie.s Vase 1-CF-197 1334 115.5 28.6 Taye 67.8 900 770 
2-CF-198 
eG a pik raheckonts 8 1—CF-191 1214 97.8 29.0 70.4 65.7 937 906 
2-CF-192 
PO ea a oe el ts 1-CF-195 1344 94.8 35.6 62.4 56.8 1524 853 
| 2-CF-196 
Baris <-siiatst sraneve 1—CF-189 134% 59.6 25.9 56.4 51.2 742 792 
2-CF-190 


layer, might be disregarded completely because particles which will 
settle will not be affected by this thin zone, since they will have passed 
out of it before reaching the effluent weir, and will be governed by the 
detention period of the deeper zones. 


68. Analysis of Samples.—In this series of investigations only the 
determinations of the settling solids in the influent and the effluent 
were made. These were made according to the settling-solids test 
devised by C. V. Erickson, and described on page 66. 


69. Results of Tests.—Inasmuch as the results of this investigation 
depended largely upon the assumption that a strong sewage could be 
duplicated by adding fresh sludge to a weak sewage, it seemed neces- 
sary to show that this assumption was true. A number of results 
show this very conclusively. Some of them are as follows: 
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TABLE 26 


SuMMARY OF SEDIMENTATION Dara ror 8-Fr. DeptH AND 120-Min. 
DETENTION PERIOD 


Residue on 
Settling Solids, P.P.M. Evaporation, 
Average P.P.M. 
Temper- 
ature in 
Date, 1929 | Sample No. | Sedimen- Per Cent 
tation Per Cent Be sage 
bear Influent | Effluent | Reduc- Bene Influent | Effluent 
- tion to 10 
deg. C. 
Gal Oiae s-erskstrs re 1-CH-219 124% 996.0 103.2 89.6 83.7 1526 616 
2-CH-220 
S-UGiis cups 1-CH-225 1314 561.0 86.9 84.4 Gilpee 1322 892 
2-CH-226 
SH15 5 satciewsv cs 1-CH-221 1214 369.0 67.8 81.4 76.6 788 652 
2-CH-222 
SH14 iets sos 1-CH-217 1514 307.0 38.0 87.6 76.0 1086 805 
2-CH-218 
SHlS nisinicis.ee 1-CH-213 15 281.0 29.9 88.4 Cos 1192 917 
2-CH-214 
S=lSiis;15 Gee's J-CH-211 1334 276.2 60.8 77.8 70.3 922 715 
2-CH-212 
Bad k scale cste's 1-CH-215 1434 272.0 47.2 82.7 72.9 1132 784 
2-CH-216 
Sal Gacversiersrewts 1-CH-223 13 184.2 45.3 75.2 69.5 1121 764 
2-CH-224 
Si De erin enero 1—CH-207 16 117.0 5256 55.0 46.7 1051 2 
2-CH-208 
SHB in jacieieilor 1-—CH-229 12 88.4 28.3 68.1 64.6 856 
2-CH-230 ae 
Bs Ve Oe 1-—CH-209 161% 86.0 39.1 54.5 45.8 1015 916 
_| 2-CH-210 
Sa 1 Sepayersvsvnrevens 1-—CH-227 1134 Gee 28.1 63.7 60.7 84 
2-CH-228 ‘ hate 


The results of tests on the 2-foot depth and 120-minute detention 
period given in Table 24 contain a good example of the close relation- 
ship between the dosed and undosed sludges. Sample No. 173, which 
was of a sludge-dosed sewage of a final concentration of 239 parts per 
million of settling solids, gave a removal of settling solids of 87.6 per 
cent at 10 deg. C. Sample No. 181 was of an undosed sewage of a 
concentration of 241 parts per million, and was taken on a different 
day. It gave a removal of settling solids of 87.8 per cent at 10 deg. C. 

It was found that a curve drawn through the points obtained by 
plotting the per cent reduction of settling solids against concentra- 
tions of sewages whose concentration was increased artificially, 
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agreed very well with a curve drawn through points representing the 
results obtained for different concentrations of normal sewages. 
Tests were made on four different depths, namely, those of 2, 4, 6, and 
8 feet, and on six different detention periods, namely, those of 27, 36, 
45, 54, 90, and 120 minutes. About twelve concentrations of sewage 
were tested for each of these depths and detention periods. The 
results of these tests are shown in the various tables in this chapter. 
The relation between the per cent removal and the concentration 
of settling solids in the influent for the different detention periods is 
shown in Fig. 31. The relation between the per cent removal of 
settling solids and the concentration of the sewage for different depths 
is shown in Fig. 32. The greater removal for the shallower depths 
seems to fit in very nicely with the theory as given by Carpenter. 
The relation between the per cent removal and the detention per- 
iod for various concentrations of settling solids is shown in Fig. 33. 


70. Analysis of Results —An attempt was made to adjust the 
formulas derived by Carpenter to fit the results obtained in this in- 
vestigation, but it was found that only a purely empirical formula 
could be obtained to express the relationship between the various 
factors. In obtaining the expression for this relationship each series 
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of tests was considered separately, and an expression found which 
fitted the results of that particular series. Then these various empir- 
ical formulas for any one depth were combined to give the relation be- 
tween the detention period D, the concentration C, and R, the per 
cent removal of settling solids at 10 deg. C., which was found to be: 


(D + 226) C 


791 216 — D 
3. San 


R= 


In a like manner an expression for the relation between the depth 
of concentration d, and per cent removal at 10 deg. C. for any one 
detention period was derived, being as follows: 


(61 — 4) C 
> 0.61 (C440) 


As a result of Carpenter’s investigation and a study of Hazen’s 
and Schone’s formulas the relation between the per cent removal and 
the temperature was taken to be 


in which ¢ is the temperature in degrees centigrade. This seemed to 
hold true for the results found in these tests, for in every case the 
locations of the plotted points representing results obtained under 
test conditions were changed sufficiently to approach a smooth curve, 
when the temperature corrections according to this formula were ap- 
plied to give results at 10 deg. C. 

When these three formulas are combined the expression for the 
empirical relation between the factors influencing sedimentation be- 
comes: 


(61 — .d) (D + 226) 


40 
peo|s 4 216 = D 
LUE se 2.27 (C + 40) (c -- ere) 
in which: 
Rk = per cent removal of settling solids 
D = detention period in minutes 
d = depth in feet 
C ——7 


concentration of settling solids in the influent in parts per 
million 

average temperature of the sedimentation basin in degrees 
centigrade 


~ 
I 
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This formula will hold for detention periods up to 120 minutes. 


- The sedimentation which takes place after this is due to factors other 


than those normally connected with the subsidence of settling solids, 
such as bacterial actions, the settling of semi-colloidal matter, etc. 

This empirical formula gives results agreeing very closely with 
those obtained in the tests, as is shown by the comparison of the 
curves in Fig. 31. The formula was applied to the observed data 
given by G. A. Johnson in connection with experiments at Columbus, 
Ohio,* and was found to give results which agreed very closely with 
his experimental data. 


71. Conclusions.—As a result of these studies on the sedimenta- 
tion of suspended matter in sewage it has been found impossible to 
arrive at a theoretical expression for the relation between the various 
factors. However, from the results of a very large number of tests, 
in which all of the controllable factors were controlled, an empirical 
equation was devised expressing the relationship between the several 
variables. This expression is given on page 82. 

It was concluded that the effect of the velocity of flow on the sedi- 
mentation of particles was negligible if it was below 10 feet per 
minute. 

For concentrations below about 150 parts per million it was found 
that the results for the determination of the per cent reduction of 
settling solids were quite erratic. This is probably due to the relative 
importance of uncontrollable factors when the concentration is com- 
paratively low. The empirical formula gives a fairly good average 
result for these low concentrations, although it does not fit the data 
quite as well as in the case of higher concentrations. In the design of 
sedimentation basins, concentration above 200 parts per million 
would control since the maximum conditions to be expected would 
form the basis for the design. 


VI. Gas PropucTIon IN ImMHorr TANKS 


72. Object of Tests.—Tests were conducted, on the deep Imhoff 
tank used in the experiments described in Part II, for the purpose of 
determining the quality and quantity of gas produced in an Imhoff 
tank. 


73. The Tests.—The tests on the factors governing the production 
of gas in an Imhoff tank were divided into two parts; one in which the 


temperature of the sludge-digestion chamber of the tank was not con- 


*Report on Sewage Purification at Columbus, Ohio, 1905. 
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trolled, and the other part in which the temperature of the sludge- 
digestion chamber was controlled. 


74. Description of Tank.—The deep Imhoff tank described on 
page 18, was used for the tests on gas production. The gas vents of 
the tank were trapped, and the gas was collected by means of the 
apparatus shown in Fig. 34. A detail drawing of the wooden grids 
which were placed under the gas collecting hoods on each side of the 
tank is shown in Fig. 34. The purpose of the grids was to prevent 
the clogging of the gas line by the entrance of scum. A gasometer of 
the floating drum type was used for the purpose of collecting and 
measuring the quantity of gas formed. 

A hot-water circulating system, as shown in Fig. 37, was used in 
the second part of the tests for the purpose of controlling the tempera- 
ture in the sludge-digestion compartment. 


75. Operation.—Fresh sewage was allowed to flow continuously 
through the tank, the average detention period, figured by displace- 
ment, being 1.86 hours. The volume of sludge in the tank was cal- 
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culated from the sludge level in the tank, which was determined 
~weekly by means of the sludge-level apparatus described on page 29. 
In the first part of the tests the temperature of the sludge-digestion 
compartment was determined semi-weekly as described on page 34. 
When the heating system was put into operation, the temperatures at 
five different depths in the tank were taken by means of bottles filled 
with clear water. These bottles were suspended at different points 
along a chain and were drawn to the surface for readings. The tem- 
perature of each bottle was taken three times a day to assure the 
proper temperature control of the heating unit. The hydrogen-ion 
concentration of the sludge in the tank was determined weekly. 


76. Results of Tests.—Average values for the gas production, the 
temperature of the sludge compartment, the hydrogen-ion concen- 
tration, and the volume of sludge in the tank during the first part of 
the test in which the temperature was not controlled are shown graph- 
ically in Fig. 35. The observation of the rate of building up of sludge 
in the tank was made possible because only a small amount of sludge 
was used for seeding. This rate is shown graphically in Fig. 35. The 
relation between the amount of gas produced and the volume of 
sludge in the sludge compartment is well demonstrated because other 
conditions such as hydrogen-ion concentration and temperature of 
the sludge compartment were approximately constant during this 
period. 

The average flow of gas for the entire period of the test was 46.6 
cubic feet per twenty-four hours or, on a basis of a flow of sewage of 
19 500 gallons per day, it was 2380 cubic feet per million gallons of 
sewage. According to the figures of the Sanitary District of Cham- 
paign and Urbana, the average sewage flow is 3 500 000 gallons per 
day, computed on a yearly flow basis. The population of the city of 
Champaign is 24 000 and that of Urbana is 14000. The student body 
of the University of Illinois of 10 000 is in attendance but nine months 
of the year, making a tributary population of 7 500 persons on a yearly 
basis. The total tributary population is, therefore, equivalent to 
45 500 making a yearly average of about 80 gallons of sewage per 
capita per day. Using this figure the average flow of gas would be 
0.298 cubic feet per capita per day. Dr. Karl Imhoff* obtained the 
figure of 0.3 cubic feet per capita per day as the average gas produc- 
tion from Imhoff tanks in the Emscher District in Germany from 
an ordinary domestic sewage. 

After the installation of the hot-water circulating system for con- 
trolling the temperature of the sludge-digestion compartment, it was 


*Karl Imhoff, Chief Engineer, Ruhrverband, Essen, Germany. 
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Fia. 36. ReLation BetTwEEN GAS PropucTION AND TEMPERATURE 
In IMuorr TANKS 


possible to obtain slightly higher temperatures than were obtained in 
the previous period. However, it was found that the maximum tem- 
perature that could be obtained in the sludge chamber with the heat- 
ing apparatus on hand was about 24 deg. C. This was due to the 
constant cooling effect of the sewage passing through the tank. 

The temperature of the sludge compartment was gradually in- 
creased to the maximum value possible with the apparatus on hand, 
and then allowed to fall. The relation between the amount of gas 
produced and the temperature of the sludge-digestion chamber is 
well demonstrated because other conditions such as the volume of 
sludge in the tank and the hydrogen-ion concentration were'approxl- 
mately constant during this period. This relationship is shown graph- 
ically in Fig. 36. , 


77. Quality of Gas Produced.—Analyses of the gas produced were 
made occasionally, an Illinois gas apparatus* being used. The results 
of the gas analyses obtained in these tests are given in Table 27. 

The presence of oxygen is believed to be due to air contamination 
of the samples. 


78. Conclusions.—From the results of tests on the production of 
gas in an Imhoff tank the following facts have been demonstrated: 


*For a description of the Illinois gas apparatus see ‘‘The Analysis of Fuel Gas,” Univ. of Ill. Eng. 
Exp. Sta. Cir. 12, 1924. 
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TABLE 27 
ANALYSES OF IMHoFF TANK GAS 
Composition in Per Cent 
Date Source 
CO2z Oz He CHs N2 

June: 2]; WO2G 6. 0's eotersin East Vent 11.8 1.2 4.6 70.20 12.20 
West Vent 9.6 1.0 0.0 66.15 23.25 

February 7, 1927....... East Vent 15.3 0.4 TRG) 63.30 3.70 
February 24, 1927...... East Vent 10.8 2.6 1.2 61.10 13.90 
DTI OO 2s crcccterenieiate rey East Vent 4.5 0.9 2.0 73.70 15.30 
IAVOLARC ihe cetateresetei ef 10.4 0.8 1.8 66.89 13.67 


(1) The amount of gas produced in an Imhoff tank increases with 
an increase in the amount of sludge accumulating in the tank, this fact 
being especially noticeable when the tank is first seeded (see Fig. 35). 

(2) The temperature of the sludge-digestion chamber has a 
marked effect upon the gas production, the gas production increasing 
with an increase in temperature. It was not possible to obtain tem- 
peratures higher than 24 deg. C. with the apparatus on hand, so that 
the upper limit of this relationship could not be determined (see 
Fig. 36). 

(3) The grids placed under the gas collecting hoods are quite ef- 
fective in preventing the formation of a heavy scum at this point. 
This is probably due to the fact that the grids are submerged, which 
causes the scum to remain moist while its gas is being liberated. After 
the gas has been liberated the material gradually sinks to the bottom 
of the tank. 

(4) The average quantity of gas obtained from the Champaign 
sewage, an ordinary domestic sewage, was about 0.3 cubic foot per 
capita per day. This amount of gas would not appear to be sufficient 
to warrant its collection and distribution as a public gas supply. It 
might be feasible to utilize the gas for fuel purposes about a sewage 
treatment plant, and to aid in keeping the temperature of the tanks 
at least up to the temperature of the incoming sewage in the colder 
months. 

(5) It is not practicable to heat the sludge-digestion chamber of 
an Imhoff tank above the temperature of the incoming sewage for the 
following reasons: 

(a) The amount of heat lost by the flow of sewage through the 
tank is so great as to prevent the heating of the sludge chamber be- 
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yond a certain temperature depending upon the temperature of the 
incoming sewage. With the type of heating unit used it was not pos- 
sible to raise the temperature of the sludge-digestion chamber above 
24 deg. C., while the temperature of the effluent from the tank was, 
on the average, 10 deg. C. higher than the influent. Since the average 
flow through the tank was 13.5 gallons per minute, this would mean a 
loss of 2020 B.t.u. per minute or 149 000 000 B.t.u. per million gal- 
lons of sewage from this source alone. 

(b) In order to offset the loss of heat due to the passage of the 
sewage through the tank, the temperature of the heating coils would 
be so great as to cause the sludge in close proximity to be heated ex- 
cessively, and thereby digestion might be inhibited. 

(c) When “the sludge digestion chamber is heated above the tem- 
perature of the sewage in the flowing-through chamber convection 
currents are set up through the slot with resulting disturbance of 
sedimentation. 


VII. Gas PRODUCTION IN SEPARATE SLUDGE-DIGESTION TANKS 


79. Object of Tests.—The object of this investigation was to deter- 
mine the factors governing the quantity and quality of gas produced 
in a separate sludge-digestion tank. 


80. The Tests.—The tests were carried out for a number of differ- 
ent temperatures. The temperature of the tank was held nearly con- 
stant during any one test period. The tests extended over a period of 
about 6 months. 


81. Description of Tank.—The deep Imhoff tank described on 
page 84 was used for this series of tests, a cover being installed over 
the flowing-through chamber to collect gas from this position of the 
tank. Since the sloping walls of the flowing-through chamber of the 
Imhoff tank were not removed, the tank was divided into two cham- 
bers connected only by the trapped slot at the bottom of the upper 
chamber. The general arrangement of the tank is shown in Fig. 37. 
The gas vents were arranged with hoods and connecting piping to 
collect and measure the gas from these two chambers separately in 
two gasometers of the floating drum type. A hot-water circulating 
system was used to control the temperature of the tank. 

As a result of tests made by Dr. Buswell of the Illinois State Water 
Survey on separate sludge digestion, it was found that the clogging of 
the gas vents by scum could be overcome by the circulating of liquor 
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SEPARATE SLUDGE DIGESTION 


from the center of the digestion tank to the top of this scum. In the 
construction of the tank used in this investigation provision was made 
for the circulating of liquor from the center of either compartment to 
the top of its respective gas vents. In addition, the upper compart- 
ment was equipped with a spray system to distribute the liquor over 
the entire surface of the scum layer under the cover. This arrange- 
ment is shown in Fig. 37. 


82. Operation.—Fresh sludge which had been settled in an Imhoff 
tank of the same design as tank B was pumped three times a day toa 
measuring barrel. After being sampled and measured it was allowed 
to pass into the upper compartment of the separate sludge-digestion 
tank at a point about one foot above the slot. The liquor displaced 
from the tank was allowed to pass off by means of a pipe located at 
the mid-point of the upper chamber and at the opposite side of the 
tank from that at which the solids are added. The effluent liquor was 
measured and sampled. 

The temperature at five different depths in the tank was taken at 
each pumping period according to the procedure described on page 85. 
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TABLE 28 


Cuxsic Fret or Gas Propucep per Pounp or VoLATILE Marrer BASED on TEstTs 
EXTENDING OVER THREE-WEEK PERIODS 


\| 
Average Temperature | Cubic Feet of Gas per Average Temperature Cubic Feet of Gas per 
of Tank in deg. C. Pound of Volatile Solids of Tank in deg. C. Pound of Volatile Solids 


17 3.22 25 7.06 
21 3.86 26 8.52 


83. Analyses.—Determinations were made of the total solids in 
the sludge added to the tank and in the liquor displaced from the 
tank. Determinations of the ash in the sludge added were made 
weekly on composite samples of the residue from the total solids 
determinations. 

Determinations of the pH of the liquor in each compartment and 
analyses of the gas of each compartment were made weekly. 


84. Results of Tests.—Values for the daily rate of gas production 
and the temperature of each compartment for the period during which 
the gas was collected separately from the two compartments are 
shown in Fig. 38. Semi-weekly totals of the solids added to the tank 
are also shown in this figure. 

The tests made during this investigation were so designed as to 
give a direct relation between the amount of gas produced and the 
temperature of the compartment, by holding the temperature con- 
stant over periods of about one week for each test. However, it was 
found that a definite relationship between the temperature and the 
amount of gas produced could not be obtained in this manner, due to 
the fact that during the period of low temperatures the sludge built 
up in the tank at a more rapid rate due to the slower digestion, and 
later gave off gas during the higher temperature periods. Therefore 
it was found necessary to base the relationship between the gas pro- 
duction and the temperature upon tests extending over three weeks or 
more at a constant temperature. 

Table 28 gives the amount of gas produced per pound of volatile 
solids for various temperatures, based on tests extending over three- 
week periods. 

As a result of the unusual design of the tank used in this investi- 
gation some interesting results were obtained. It was found that the 
greater portion of the grease in the sludge remained in the upper com- 
partment of the tank, while the heavier particles passed through the 
slot into the lower compartment. 
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The gas vents of the lower compartment remained free from scum 
at all times during the test, even though for a period of time a direct 
flow was caused from the upper to the lower compartment by the 
drawing of liquor from the lower compartment and the spraying of it 
over the scum in the upper compartment. During the later half of the 
test on the tank the grids were removed from the vents of the lower 
compartment without the subsequent formation of scum. 

The scum in the upper compartment became quite hard, and 
reached a thickness of about 21 inches before any liquor circulation 
was begun. An analysis showed it to be about 45 per cent grease with 
a pH of 7.5. 

It required about one week of continuous liquor circulation to 
soften the scum in the upper compartment; after this it was kept 
sufficiently thin and soft to allow gas to pass off freely with about 
three hours circulating per day. A spray of liquor of about ten 
gallons per minute was used during this period. 

It was found that the liquor displaced from the tank was quite low 
in solids at all times. This was probably due to the fact that it came 
from the primary compartment, which is free from disturbance due 
to gas currents. Analyses of samples of the liquor in the lower com- 
partment showed it to contain about twice as great an amount of 
solids as the upper compartment liquor. 

The amount of gas produced in the upper compartment by the 
digestion of the scum ranged from 50 to 75 per cent of the total gas 
produced in the tank, the average for the entire test being about 
56 per cent. 

The gas from the upper compartment was consistently higher in 
carbon dioxide and slightly lower in methane, as would be expected 
from the predominance of grease in this chamber. The average pH 
for the upper chamber was about 7.4 as compared with 7.0 for the 
lower chamber. Table 29 gives the gas analyses and pH values for 
the two compartments. 

The heating of the tank seemed to have a more pronounced effect 
upon the gas production of the upper chamber than on that of the 
lower chamber. The amount of gas from the upper compartment also 
fell off more rapidly after the last sludge was added to the tank than 
did the lower compartment gas. 

The heating value of the combined gas from the tank as figured 
from the average analysis was found to be about 750 B.t.u. per cubic 


foot. 
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85. Conclusions.—The results of this investigation show it to be 
advantageous to carry on the digestion of sludge in two stages, the 
first stage of digestion taking place in an upper compartment which is 
separated from the lower compartment by a slot trapped against the 
reverse flow of gas. With this arrangement there is a constant trans- 
fer of sludge from the primary to the secondary compartment without 
the necessity of pumpage or supervision. 

Scum is formed only in the primary or upper compartment so that 
it is necessary to resort to liquor circulation in this one chamber only 
for the softening of the scum to allow the passage of gas through the 
vents. As soon as this scum becomes sufficiently digested to settle, 
and therefore to cease causing trouble, it passes through the slot into 
the lower compartment for further conditioning. 

Since the material in the primary chamber will pass into the 
secondary compartment as soon as it becomes partly digested, only a 
comparatively small volume is necessary for this chamber. In the 
investigation reported in this chapter a volume of about 0.10 cubic 
foot per capita was found to be more than adequate for the primary 
chamber. The size of the secondary chamber is governed by the 
amount of storage necessary and the degree of digestion desired. It 
was found that, for a storage period of six months, about 0.25 cubic 
foot per capita was required for the lower compartment, provided the 
temperature of the compartment was maintained between 20 deg. and 
25 deg. C. 

The amount of solids passing from the tank is small. There is 
comparatively little gas generation below the scum in the primary 
compartment. The liquor displaced from the tank when fresh sludge 
is added, is, therefore, comparatively free from solids because of the 
quiescent sedimentation allowed. The liquor in the upper portion of 
the digestion compartment of a single-chamber separate sludge-di- 
gestion tank in which gas is generated near the bottom, is high in 
solids due to the disturbance caused by rising gas bubbles. 

From a comparison of the rate of gas production for various tem- 
peratures, as shown in Table 28, it was found that the rate of gas pro- 
duction at 26 deg. C. was more than two and one-half times as great 
as at 17 deg. C. This fact would bring up the consideration of the 
economy of heating the sludge-digestion chamber in the production 
of gas, and the subsequent speeding up of the digestion rate. It was 
calculated that on a basis of a separate sludge-digestion tank instal- 
lation for a population of 10 000, a total heat value of 1 850 000 B.t.u. 
per 24 hours would be obtained from the gas produced at a digestion 
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temperature of 17 deg. C. If the temperature of the digestion tank 
were maintained at 26 deg. C. it was calculated that a total of 
3 010 000 B.t.u. would be generated, of which 710 000 would be re- 
quired to maintain the temperature of the tank, leaving 2 300 000 
available. This represents a net increase of 450 000 B.t.u. per day. 
The rate of sludge digestion at the higher temperature would be 
greatly increased and less storage space would be required. 
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